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LIMITED WARRANTY: 


SHARP ELECTRONICS CORPORATION warrants this product to the original 
purchaser to be free from defective materials and workmanship. Under this 
warranty the product will be repaired or replaced, at our option, without charge 
for parts or labor, with the exception of batteries, when returned to a SHARP 
CONSUMER FACTORY SERVICE CENTER listed in the instruction booklet 
supplied with your unit. 


This warranty does not apply to any appearance items nor to any product whose 
exterior has been damaged or defaced, nor to any product subjected to misuse, 
abnormal servise or handling, nor to any products altered or repaired by other 
than a SHARP CONSUMER FACTORY SERVICE CENTER. This warranty 
does not apply to any product purchased outside the United States, its territories, 
or possessions. 


The period of this warranty covers one (1) year on parts and one (1) year on 
labor from date of purchase. 


This warranty entitles the original purchaser to have the warranted parts and labor 
rendered at no cost for the period of the warranty described above when the unit 
is carried or shipped, prepaid, to a SHARP CONSUMER FACTORY SERVICE 
CENTER together with proof of purchase. 


THIS SHALL BE THE EXCLUSIVE WRITTEN WARRANTY OF THE ORIGI- 
NAL PURCHASER AND NEITHER THIS WARRANTY NOR ANY OTHER 
WARRANTY. EXPRESSED OR IMPLIED, SHALL EXTEND BEYOND THE 
PERIOD OF THE TIME LISTED ABOVE. IN NO EVENT SHALL SHARP 
BE LIABLE FOR CONSEQUENTIAL ECONOMIC DAMAGE OR CONSE- 
QUENTIAL DAMAGE TO PROPERTY. SOME STATES DO NOT ALLOW A 
LIMITATION ON HOW LONG AN IMPLIED WARRANTY LASTS OR AN 
EXCLUSION OF CONSEQUENTIAL DAMAGE, SO THE ABOVE LIMITATION 
AND EXCLUSION MAY NOT APPLY TO YOU. IN ADDITION, THIS 
WARRANTY GIVES SPECIFIC LEGAL RIGHTS, AND YOU MAY HAVE 
OTHER RIGHTS WHICH VARY FROM STATE TO STATE. 


FOR YOUR RECORDS.... 


For your assistance in reporting this electronic calculator 
in case of loss or theft, please record below the model 
number and serial number which are located on the 
bottom of the unit. 

Please retain this information. 


Model Number && 5 FO serial Numberé 7 000/357 


“h 
Date of Purchase gv 7 Place of Purchase ¥7 tf bdo 


NOTICE 


The material contained herein is supplied without 
representation or warranty of any kind. Sharp 
Electronics Corporation therefore assumes no 
responsibility and shall have no liability, con- 
sequential or otherwise, of any kind arising from 


the use of this material. 
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NOTICE 


@ The contents of this manual are subject to change for 
improvements without notice. 


@ This calculator is provided with combinations of 
extremely sophisticated functions and has been shipped 
after thorough inspections including checks on the 
operations described in the Manual. Should you 
encounter any difficulties, contact your nearest SHARP 
distributor, dealer, or retailer. Your suggestions on the 
calculator are also invited. However, SHARP is not 
responsible for any consequences from the use of the 
calculator. 


@ SHARP is not responsible for any monetary loss orloss 
of profits from the use of any of the calculation examples 
contained in this manual or for any claims from a third 


party. 


@ SHARP is not responsible for any loss of, or damage to, 
the memory contents as a result of the repair or battery 
replacement of the calculator. 


OPERATIONAL NOTES 
(Handling Recommendations) 


Because the liquid crystal display (LCD) of the EL-5150is 
made of a liquid crystal hermetically sealed between two 
glass plates, adequate caution must be exercised in 
handling the calculator. 


To ensure the trouble-free operation of the calculator, 
please observe the following points. 


1. Donotcarry the calculator in the back pocket of slacks 
or trousers. 


2. Donotplace the calculator in a location subject to direct 
sunlight, especially in a car with its window closed in hot 
climate. The calculator may be damaged due to high 
temperatures. 


3. Donot place the calculator in a location exposed to high 
temperatures (e.g., near a heater). Also avoid locations 
subject to rapid temperature changes and excessive 
moisture or dust. 


4. Donotdrop or bump the calculator. 


5. Donotuse acloth moistened with any volatile solvent or 
water to clean the calculator. Always use a soft, dry 
cloth. 


If service should be required on this unit, use only aSHARP 
servicing dealer, SHARP approved service facility, or 
SHARP repair service where available. 


CHAPTER 1 
INTRODUCTION 


Chapter 1 of this manual introduces you to the SHARP 
EL-5150 Scientific Calculator, anew and powerful 
computing instrument, by providing you with a basic 
understanding of the calculator. 


The EL-5150 allows direct entry of calculations and 
expressions (or formulas) as written. As you follow the 
detailed instructions and calculation examples in Chapters 
2 and 3 of the manual, you will find that with this calculator 
you are not required to learn any machine or computer 
language, yet the unit provides you with formidable power 
in mathematical, scientific, engineering, and business 
calculations. 


The EL-5150 features such unique functions as algebraic 
expression reserve function, conditional expression 
judgment and looping functions, and playback and answer 
memory functions. These important and useful functions 
are also detailed in Chapters 2 and 3, together with 
application examples. 


Other items of supplemental information such as operating 
controls, error conditions, and so forth are included in 
Appendixes for ready reference. 


Combined to the end of this manual is an application book 
that covers anumber of programming and calculation 
exercises with the EL-5150 for applications in practically all 
scientific, engineering, and business fields. 


Names ofComponents __. 


Mode Selector Display Contrast Adjust 
Switch Knob 


Reset switch 


S i A 
Soon ae Keyboard (onrearside) ON/Ckey 


Key 
e@ Mode selector switch 
A3-position slide switch used to turn on the power of the 
EL-5150 as well as to select either of the two operation 
modes of the unit: COMP and AER. (See Operation Modes 
on page 6 for details.) 


@ Keyboard 

The keyboard consists of 66 keys arranged systematically 
in 14columns by 4or5 rows, except that the 1st column (at 
the extreme left) has six keys. Of the many convenient 
keys, the two most frequently used keys are briefly 
introduced here to show you their functions and locations. 


2nd Function key.............. A function change key used to 
designate the second function of 
another key. The second 
function of a key is printed in 


brown above the key. 
ON/Clear - Clear ........... Aclear/clear all key used to clear 
All key the contents of the display. This 


key is also used to turn on the 
power again when the calculator 
is automatically powered off. 
(See page 5for details.) 


® Display 
A 24-digit liquid crystal display with each character formed 
inapattern of 5x7 dots. (See Chapter 4 for details.) 


e Contrast Adjust Knob 
Acontrol knob used to adjust the 
contrast of the LCD display. Turn 
this knob counterclockwise for 
higher contrast and clockwise for 
lower contrast. 


@ Reset switch 

Aswitch used to retain or erase memory contents. When 
the EL-5150 is subjected to a large external noise or severe 
shock while in use, all the keys may become inoperative on 
rare occasions. Should such an abnormal condition occur 
in the calculator, take either of the following two actions: 


(1) To retain memory contents 

Set the Mode Selector switch to the COMP position and 
press the Reset switch, and the display will show the 
following. 


Q. 


The calculator can now perform acalculation while 
retaining its memory contents. 


NOTE: 

When pressing the Reset switch, 
depress the switch witha 
ball-point pen as shown in the 
illustration. Avoid use of a 
sharp-pointed pencil or equivalent 
with an easy-to-break point. 


(2) To erase memory contents 

Set the Mode Selector switch to the AER position and press 
the Reset switch. Check to see if the display shows the 
following: 


ALL CLEAR ? ENT 


If not, press the Reset switch again. If yes, press the 

(COMP) key to erase the memory contents of the 

calculator. You can now perform programming. Memory 

contents will not be cleared when any key other than 
(COMP) is pressed. 


NOTE: 

If the memory contents have been changed due to large 
external noise or severe shock, the memory contents may 
have already been erased despite the reset operations 
described in (1) and (2) above. 


Auto-Power Off Feature 

Ifno key is pressed for about 10 minutes, the power 
automatically turns off to conserve battery power. The 
memory is retained. (The actual time may be shorter or 
longer than 10 minutes depending upon the operating 
temperature or battery condition) To resume operation, 
press the key. 


Operation Modes 


The EL-5150 operates in two basic modes: COMP, an 
abbreviation for Computation and AER, an abbreviation for 
Algebraic Expression Reserve. To permit the calculator to 
operate in either of the two modes, the 3-position Mode 
Selector switch at the upper left corner of the keyboard 
must be set to the appropriate position as described below. 


OFF (left) Turns off the power. Memory contents 
will be retained. 

COMP (center) Turns onthe power and places the unit 
inthe COMP mode. 

AER (right) Turns on the power and places the unit 
inthe AER mode. 


COMP Mode 

The COMP mode allows the calculator to perform all 
calculations ranging from the four basic arithmetic 
functions to algebraic expressions programmed in the AER 
mode. In this mode, the calculator normally performs 
calculations in the decimal number system. The calculator 
has special calculation modes: BIN, OCT, and HEX modes 
for calculations of binary, octal, and hexadecimal numbers 
respectively, plus STAT mode for statistical calculations. 


AER Mode 

The AER mode allows you to program algebraic and other 
expressions into the calculator, thatis, to store themin 
memory for later use in COMP mode. (See Chapter 3 for 
details on program execution.) 

This mode also has a special mode called the VAR mode in 
which you can enter lower-case letters, numbers (reduced 
in size), and Greek letters (a, B, y, and @) as variables for 
the expressions to be programmed. 


Fundamentals of Operation 


Key Operation 

The EL-5150 is provided with a wide variety of functions 
including scientific and algebraic expression reserve 
functions as well as four basic arithmetic (add, subtract, 
multiply, and divide) functions. Here, the procedural steps 
in performing basic calculations are briefly covered to 
warm you up before going into the details described in 
Chapters 2 and3. 


(1) Power ON 

As mentioned earlier, you will find a three-position slide 
switch at the upper left corner of the keyboard. This switch 
serves as amode selector. Slide the switch from the OFF 
position to either the COMP or AER position and your 
calculator will be powered. 


(2) Operation Mode Selection 

The EL-5150 operates in two modes: COMP mode that 
allows the calculator to perform calculations and AER 
mode that allows the unit to store algebraic expressions in 
memory. For the purpose of explanation, the unit is putin 
the COMP mode by setting the mode selector switch to the 
COMP position. 


OFF COMP AER 


on (COMP mode is set) 


Display: 


p. 
NOTE: 


When the unit is set in the COMP mode, message “COMP 
MODE” appears momentarily in the display and then “@.” is 
displayed. 


(3) Add, Subtract, Multiply, and Divide Functions 

To perform any of the four basic functions with the 
EL-5150, enter the numeric data and press the algebraic 
keys( [+], (£],(X],([£] . [=] )inthesame 
sequence as you would do with any other scientific 
calculators. 


Example 1: 
Tocalculate 123 + 654 = 


Key in: 


[1 23+_ 


Key in: 


a FS 


11234+654_ 


Press: 


Ei 


LITT; 


Example 2: 
Tocalculate 2.4x2 = 


Key in: 


P21 Jt 2) eb) 


2. 4X2_ | 


Press: 


reel 


| oe 


If you make an error in key sequence and an error message 
appears in the display, press the key and enter the 
data again in the correct sequence. If you key in the 
incorrect data, usethe [~ ] or [ »] keytomovethe 
cursor over to the incorrect number or letter in the display 
and then enter the correct data. (Gee APPENDIX D for 
error messages.) 


(4) Scientific functions 
As an example of scientific functions, we will solve for the 
reciprocal of anumber using the Reciprocal ( ) key. 


Example: 
To solve for z =(or8' =) 
Key in: 
(=) 
| 0.125 
NOTE: 


is the second function of and canbe 
activated by pressing key, then [x] key. 


Key Functions 

@ With the EL-5150, most of the keys have two functions, 
whereas some keys have three and some just one. The 
function printed on the key top is caused to occur when you 
press the key alone. The function printed in brown above 
the key is the second function of that key, and becomes 
effective only when the key is pressed following the 
function change key labeled “2nd F” as you have just done 
in the above calculation example. 


NOTE: 

The functions labeled “ENT” and “NEG” below the 
and keys respectively are not the second functions 
of these keys. 


e Functions labeled “ , CD, (x, y), and DATA” in 
black at the left above the ; i ,and 
keys respectively are those used for statistical 
calculations and are thus effective only inthe STAT mode. 
(See page 54 for statistical calculation.) Functions labeled 
“a, B, y, and 6” in black at the right above these keys are 
used for entry of characters as variables in the VAR mode. 


e Functions labeled “A,B,C,D,E, and F” in black at the right 
above the , (Log) , [LN] , Lz] , [f_] ,and 

keys respectively are those used for entry of 
hexadecimal numbers in the HEX mode. 


@ Functions labeled “NOT, AND, OR, XOR, and XNOR’” in 
black atthe right above the [FSE] , [TAB] , DEG] , [POL] 
and keys respectively are those used to perform the 
logical operations of binary, octal, and hexadecimal 
numbers in the respective number system modes. 


NOTE: 

Multiply command “X” and upper-and lower-case letters 
“X” are distinguished from one another by indicating them 
on the dispay as follows: 


(letter) — 
(multiply) > 
(variable) > x 


Conventions for Key Entry Descriptions 

@ Inthe following Chapters, key operations and key 
functions are described whenever possible as shown in the 
following examples. 


key Key operation Designated function 
SiIN-? SIN™ 
a 

[SIN] SIN 


[£] Hexadecimal number E 


s7—E 
LW] ‘J 
/ 
[2 | Greek letter “2” 
cD 2B 
CD 


[RM] RM 


e Allnumeric keys for data entry are not enclosed in a box 
unlike other boxed keys indicating that they are the keys 
pressed. 


C2103 ]0-_14 ]- 123.4 (decimal number) 
— 2BC (hexadecimal number) 


e The word “key in” or “press” before each key operation 
is omitted. 
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How to Use Protective Cover 


The protective plastic cover with instruction labels attached 
to its inside is supplied as an accessory for protecting the 
calculator against shock. When you are not using the unit 
or carrying itin your briefcase, be sure to attach the 
protective cover to the unit. 


e@ Removing the cover 


@ Attaching the cover when the unit is not in use 


» 
Rae IA seme 


L = — J 


e Attaching the cover while the unit is in use 


= 


CHAPTER 2 
OPERATIONS IN 
COMP MODE 


Before operating each calculation example in this chapter, 
make sure that the Mode Selector switch is in the COMP 
position and then press the key to clear the 
calculator. Unless otherwise stated, all the following 
calculation examples are to be performed in the floating 
decimal point system. 

Ifanyofthe FIX , SCI ,and ENG indicatorsis 
appearing in the display, press the key 
consecutively until none of these indicators appears, 
indicating that your calculator’s display is in the floating 
decimal point mode. 
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Addition, Subtraction, 
Multiplication, & Division 


Examples shown here are the mixed calculations of the 
four basic functions. 


NOTE: 

This calculator uses algebraic logic. Calculations are not 
necessarily performed in the order entered. For example, 
multiplication is carried out before addition. Priority levels in 
calculation are detailed in APPENDIX E. 


Example 1: 


49.6 — 75.2 + 32= 


49.6 [= ] 75.2 32 L=] 


| 6.4 
Example 2: 

45+ 285+3= 

45 285 [+ ]3[=] 

| 149. 
Example 3: 

(45 + 285) +3= 


LO] 45 LE] 286 2 JL )13l=] 


i 119. 


NOTE: 

The parenthesis keys specify which group of 
numbers to calculate first whenever there is a 
choice. If you omitted parentheses, your 
answer would be 140 as in Example 2 
because division takes precedence over 
addition. (See APPENDIX E for details on 
priority levels.) 


Example 4: 
42x(—5) + 120= 
42 (15 120 [= ] 


| -99. 


NOTE: 
When you enter a negative number, press 
[E)] before the negative number. 


Example 5: 
(5x 109) + (41079) = 
5 [Ex] 3 L= ] 4(Ew] (2) 3 [=] 
| 1250008. | 
NOTE: 
[Exp] is used to enter the exponent part ofa 
number. 
Example 6: 


72x (((56 + 23)X2) -72 + 4) = 


het ( ( (| 56 L+ } 23 ) xX} 2.) 
® 
[1214] 


| 19989. | 
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NOTE: 

1. Asin@) above, the multiply key 
immediately before the open parenthesis 
may be omitted. 

2. Asin(2)above, the closed parenthesis 
before the equals key may be omitted. 

3. Plural parentheses may be entered in an 
expression with other calculation 
commands for more complicated 
arithmetic sequences, provided that the 
number of pending operations in the 
calculator does not exceed 16 and the 
number of pending values in the 
calculator does not exceed 8. (See 
APPENDIX E for details on pending 
operations.) 
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Scientific Functions 


Scientific calculations are performed in the same manner 
as basic calculations. As you will note in the following 
examples, scientific funtions are entered as you would 
normally read them. 


Trigonometric Functions 
When you solve for any of the trigonometric and inverse 
trigonometric functions, you must first designate the unit of 
angle applicable to the function using the and 
keys. As these two keys are pressed consecutively, 
the indications “DEG”, “RAD”, and “GRAD” appear 
alternately at the upper part of the display. Keep pressing 
until the desired unit of angle is set on the 
display. 


DEG: Degree [°] 
RAD: Radian [RAD] 
GRAD: Grad [g] 90[°]= > [RAD] = 100{g] 


NOTE: 

The designated unit of angle will be retained in memory 
even when the power is turned off. 

Therefore, you need not redesignate the angular unit 
each time the power is turned on. 


Example 1: 


SIN 63 = 
Angular unit: DEG 


[SIN] 63 L= ] 


| DEG 


9. 891996524 
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Example 2: 
cos4 = 
Angular unit: RAD 
ne (=laboe7 


RAD 
6. 70971986781 


NOTE: 
To solve for the value for an expression as in 


COS 7 , parenthesize the expression. 


Example 3: 


TAN150 = 
Angular unit: GRAD 


[TAN] 150 L= ] 


c = = 


Inverse Trigonometric Functions 

The calculation results of the respective inverse 
trigonometric functions are expressed within the following 
limits. 


0=SIN7'x,8=TAN™'x 6=COS"'x 
DEG :—90< @<90 DEG :0<#6<180 
RAD ae O55 RAD :0<0<zx 


GRAD:—100S 65100 GRAD:0s @<200 
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In addition to the designation of the unit of angle using the 
and keys, you must use the key for 


each calculation example here to designate the second 
function of another key. 


Example 1: 
COS" 0:5 = 
Angular unit: DEG 


[2nd] 0S"] .5 [= ] 


DEG 


68. | 


Example 2: 
SINT -1= 
Angular unit: RAD 
(1 =] 
z= —1. 570796327 


Example 3: 


TAN'1 = 
Angular unit: GRAD 


[2ndF] [AN] 1 [=] 


| GRAD 


5 @. 


Hyperbolic and Inverse Hyperbolic Functions 
When using any of the hyperbolic and inverse hyperbolic 
functions, the “HYP” indicator will appear at the upper part 


of the display. 
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Example 1: 


SINH4= 
[Hyp] [SIN] 4[ =] 
2 Tie 28:99: V-7-2 
Example 2: 


(COSH 1.5 + SINH 1.5)? = 


(_C] [Hye] [cos] 1.5 [+] (Hy?} [SIN] 1.5 QD) J C#) C=] 


20. 98553692 


Example 3: 


SINH'9 = 


[2nd] [acne] [SIN] 9 [= ] 
2. 893443986 


Example 4: 
So 
TANH 7 = 
[and] farowe] [TAN] [15 (=17D_JI[=] 


6. 895879735 


Exponential Functions 


Example 1: 


e= 


[2ndF] Le*] 3 L=] 


[tw gass3692 | 
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Example 2: 
101” =a 
[2ndF] 410") 1.7 [=] 
59. 11872336 


Logarithmic Functions (Natural and Common 
Logarithms) 


Example 1: 

LN 20 = 

[LN] 20 [=] 

| 2. 995732274 


Example 2: 


LOG 50 = 


{Log} so [=] 


w 1.698970004 | 


Squaring 


Example: 


54? = 


se] l4G IE) 
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Reciprocals 
Example: 


a 
8 


Square Root and Cubic Root 


Example 1: 


V49 +/64 = 
=) 49 LEI) 64 [=] 
| 15, 


Example 2: 


V123x6 = 


fendF] FC) 123 EX] 6 DO ITE] 
| 9. 936885658 | 


Power 
Example 1: 
3t= 


307) 4(=] 


23 


Example 2: 


| @. 80915625 


Example 3: 
(12°)«= (or 4/12? =) 
12 3 4 =) 


6. 447419591 


Power Root 


Example: 
‘/a1 = 
4 81 [=] 


3 


Factorial 


Example: 


6!=(6xX5x4x3x2x1=) 


6 [axa] GT) =] 
7296. 
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Permutations 


Formula: 


n! 


nPr=( pr 


Example: 

From a group of 10 persons, you must decide how each 
combination of 3 persons should be lined up. Whatis the 
total number of ways the different groups of 3 can be 
arranged? 


10 [2ndF] [»Pr] 3 [= ] 


729. 


Combinations 


Formula: 
ea al 
nCr= ri(n—r)! 
Example: 


You must select 3 persons from a group of 10. How many 
different combinations of 3 persons can be formed? 


10 Cr] 3 [=] 


1296. 


Conversions of Coordinates 
Two keys are used for conversions of coordinates. 
: Converts rectangular coordinates (x, y) into polar 
coordinates (r, 8) 
: Converts polar coordinates into rectangular 
coordinates (x, y) 


NOTE: 

Because the calculator uses memory register Z to store the 
value of 6 or y obtained from the conversion of coordinates, 
the contents of memory Z will be changed as the result of 
the conversion. 
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® Conversion of rectangular coordinates into polar 
coordinates (x, y—> r, @) 
The value of @ is obtained within the following limits: 


DEG :0S | @| <180 
RAD :0S | 6| Sx 
GRAD:0 | @| =200 


8 
P(xy) P(r, 8) 
eee: | 


r=/x?+y?, 6=TAN '¥- 


Before you start the conversion, press the and 
keys to designate the desired angular unit. 


Example 1: 

To solve for the values of polar 
coordinates (r, 9) with rectangular 
coordinates at point P (x = 6, y = 4) 


Angular unit: DEG 


6 Ero] 4 [= } 


DEG 


7.211192551 


(Answer for r) 


[act] [Z ] (or [Zz ][=]) 


DEG 


33. 69996753 


(Answer for 8) 


Example 2: 
To solve for the magnitude and direction (phase) of a vector 
withi = 12 + j9 
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Angular unit: DEG 
12 Ero] 9 [=] 


DEG 
15. 


(Answer for magnitude) 


Ro) C2 (or CED ) 
36. 86989765 


(Answer for direction) 


e Conversion of polar coordinates into rectangular 
coordinates (r, 8 > x, y) 


v: 
P(r, 8) 


0 


Expression: 
x=rCOS6,y=rsSiNée 


Example: 

To solve for the values of rectangular 
coordinates (x, y) with polar 
coordinates at point P (r = 14,6 = oe ) 


Angular unit: RAD 


14 [2nd] EReC] LC) Lz J[=]30JL=] 


RAD 


La 


(Answer for x) 


27 


[Rot] [Z] (or LZ] [=] ) 


me 42. 12435568 


(Answer for y) 


Conversions of Angles 
Two keys are used for conversions of angles. 

: Converts an angle in the sexagesimal system (in 
degrees, minutes, and seconds) into its decimal 
equivalent (in degrees). 

: Converts an angle in the decimal system (in 
degrees) into its sexagesimal equivalent 
(in degrees, minutes, and seconds). 


DV RR RD OD 
OO: OO OO OO 


aes ees 


degrees minutes seconds fraction (decimal) 


Example 1: 
To convert 12°39'18" into its decimal equivalent 


12.3918 [=] 


1:2, 65:5 


Example 2: 
To convert 123.678° into its sexagesimal equivalent 


123.678 = 


| 123. 49498 


@ Time calculations 
The EL-5150 can also perform time calculations using the 
above angular conversion function. 


Example 3: 
3 hours 30 minutes 45 seconds 
+) 6 hours 45 minutes 36 seconds 
( total? ) 
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LC] 3.3045 oes] [+ ] 6.4536 Ly] 
[=] 


| iG. 1629, -. | 


(10 hours 16 minutes 21 seconds) 


Other Functions 


e Fraction (FRAC) 
The FRAC function is used to display the fraction part ofa 
number. 


Example: 
To solve for the decimal fraction part of the result of 
division 58 + 8 


[2ndF] [Frac] [C] 58 L=] 8 LF) J [=] 
e. 25 


@ Integer (INT) 
The INT function is used to display of the integer part ofa 
number. 


Example: 
To solve for the integer part of the result of division 58 + 8 


[2néF] [INT] [“C] 58 C=] 8 DJ C=] 


| i 


e Absolute value (ABS) 
The ABS function is used to determine the absolute value 
of anumber. 


Example: 
To solve for the absolute value of log 0.75 


[BaF] [ABS] [—C) (LOS) 0.75 DI =I 
| 9. 124938737 
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Playback Function 


The playback function recalls the most recent expression. 
This is useful when you wish to confirm or correct your last 
calculation. In particular, this function is useful in finding the 
location of an error which may occur during the execution of 
acalculation, and thus increases efficiency in error 
processing. 


Example 1: 
To confirm the expression entered in memory 


ONC] 5 [=] 3 [=] (the display below is in the floating decimal 


point system) 


| 1. 666666667 | 


sri 


i Cursor blinks 


Upon pressing the (Playback) key, a portion of your 
orginal input will appear in the display so that you may 
check or edit it. 

If the expression is longer than the display, press 
again to obtain the remainder of your input. (Program 
correction and editing will be detailed in Chapter 3.) 


Example 2: 
To find the location of an error in calculation (in this 
example, 0 is erroneously used as divisor instead of 3) 


5L=)]0L4)3[=] 


[ERROR 2 


£ Eroror code (see APPENDIX D) 


[5+0+3= 


30 


[=<] 
[5+0+3= | 


3([=] 
4. 666666667 


The expression may also be changed using the key 
(to insert characters) and key (to delete characters). 


NOTE: 

When alengthy expression suchas [_(_] 132 32 
L+] 145 LX] [cos] 67 1)_] Ero] [_C] 132 [XJ [SIN] 32 
[+] 145 Lx] [SIN] 67 [=] 

is entered in memory, the playback function causes 

the expression to be displayed by dividing it into sections, 
each of which falls within the 24-digit capacity of the LCD. 


[PB | 
| (132xCOS 32+145XCOS 67) “| 


[PB | 
[spot (132xXSIN 324+145xK% | 


[PB | 
(132XCOS 32+145XCOS 67) 


os 


In the above example, the “<” indicator indicates that the 
contents of the display exist at the left of the number or data 
now being displayed. Likewise, the “—>” indicator indicates 
that the number or data yet to be displayed exists at the 
right of the screen. 
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Answer Memory Function 


Calculation results obtained with any of the operation 
execution keys( [=], [M+], [2ndF] [M+] , [=m], 
(sto} [A] ~ [Sto] [2], Een) , fot) , buex) , 
) are stored in the answer memory. The value 
currently held in the answer memory (i.e., the result of the 
last computation) can be inserted into any position of the 
next algebraic expression by using the key. 


Example: 
Tocalculate 12x5 + 6.25 + 243 + 6.25 = where 6.25is 
the result of division 50 + 8 = previously perfomed 


[owe] soL=]s[=] 


| 6.25 | 


(automatically stored in memory) 


12 LX] 5 [=] [2nae] [ANS] 


12X5+6. 25_ 


— 
Recalled from answer memory 


[+] 24 1x] 3 [=] [nef] [ANS] 
12X5+6. 25+24X3+6. 25_ 


uN 
Recalled from answer memory 


[=] 
| 12 | 


@ While the value of the answer memory may be recalled 
as many times as required, it will be updated whenever an 
operation is executed with any of the operation execution 
keys. If an error exists in the result of a calculation, the 
value of the answer memory will remain unchanged. It will 
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also be updated when a program stored in the AER mode is 
executed. 


© The contents of the answer memory will not be cleared 


by or key operation or by power off 


operation. 
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Continuous Calculation & 
Modify Functions 


Continuous Calculation Function 

Like the answer memory function, the continuous 
calculation function allows you to use the result of the 
calculation last performed for the calculation to be next 
performed. 


Example: 
To solve for 3 + 4 = and then multiply the calculation result 
by 5. 


[owe] 3+] 4[=] 


[xX]5 


[7. x5_ | 


(multiply command is input following the result of addition) 


Ey 


| 35, | 


NOTE: 

The difference of this function from the answer memory 
function is that the result of the last calculation can be used 
only at the beginning of the next calculation. 
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Modify Function 

The modify function causes the internal result of a 
calculation stored in memory when used in subsequent 
calculations, to be in agreement with the format of the result 
of the calculation in the display. 

With the EL-5150, the result of a calculation is obtained to 
the accuracy of up to 12 digits for mantissa, while all the 
internally executed calculations are in the exponential form 
(Ax 108). The results of all the internal calculations are 
displayed on the LCD after being converted into the form 
designated by the display system (FIX, SCI, or ENG) and 
the number of decimal positions to be fixed (TAB). So, the 
use of this modify function allows you to use the 

calculation result in the display without change, for the next 
calculation to be performed. This function is very useful 
when you must perform calculations with the significant 
digits of anumber taken into account as in testing or 
processing the results of experiments. 


Example: 
To solve for the result of 5 + 9 = and then multiply the 
calculation result by 9 


(to display the FIX indicator) 
TAB] 1 (to fix the number of decimal positions to 1) 


@ Normal calculation 


5L=]9[=] 
| . ee 
[5. 6E-g1x_ 


L result of internal calculation 
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9[=] 


FIX 


NOTE: 

In acontinuous calculation like this example, the value in 
the display is not used for the calculation. Instead, the value 
stored in memory is used. 


® Calculation with modify function 


5 L=_] 9 [=] LnaF] [MOF] 

: 0. 6 
lo. 6x_ i 
9L=] 
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Memory Calculations 


The EL-5150 has 26 memories; one used as an 
independently accessible memory or store memory and 25 
as store memories. 


Independently Accessible Memory (M) 
@ How to use memory 


Data movement in and out of the memory is effected by the 
following three memory control keys: 
[=M] : Stores the result of a calculation in memory. 
: Recalls the memory contents. 
: Adds the results of a calculation to the 


memory contents. 
: Subtracts the results of a calculation from the 
memory contents. 


© Application examples of memory 


Before you start a memory calculation, you must press 
either the and keys to clear the memory 
contents or the key to enter the initial data in the 
memory. 


Example 1: 
—=M| (press until FIX, SCI, and ENG indicators disappear) 
0. 


(Memory clear) 5 


23 + 45 + 78 =... (1) 
—52 — 31 + 43 =... (2) 
+)64+4+ 73 — 12 =... (3) 
(total) . (4) 


23 [+ ] 45 L£] 78 [M4] 


| 146. 
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Answer for (1) 


[2] 52 [=] 31 C4] 43 [M4] 


[ =i. 5) 


Answer for (2) 


64 L+] 73 [=] 12 [M4] 


[ 125, | 


Answer for (3) 


2-3 lK 
Total (4) 
Example 2: 
24 x13=... (1) 
+) 56 +7 =... (2) 
—-) 32 x 4=... (3) 
(total) .. (4) 
24 LX] 13 EM] 
a1. 
Answer for (1) 
56 L= ] 7 [M+] 
[ 7 | 
Answer for (2) 


32 Lx] 4 [anat] [M+] 
| 128, | 


Answer for (3) 


[RM ] 
| 192, 


Total (4 
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21. | 


24 [= ] [RM] [=] 


1. 1428571 43 


Answer for (1) 


| 105. | 


Answer for (2) 


In this example, the result of multiplication 7x3 in 
calculation (1) is first stored in memory and is then recalled 
to use it as aconstant for calculations (1) and (2). 


NOTE: 
The equals key need not be pressed before ‘ ; 


and as these keys also function as 
the equals key. 


39 


Store Memories 

e@ How to use memories 

Data movement in and out of each of the 26 store 

memories is effected by the following two memory control 
keys and 26 memory designation keys through ; 


: Clears the contents of the designated memory and 
stores the number in the display or the result ofa 
calculation in the memory. 


: Functions the same as key. 


@ Application example of store memories 


Example: 


AB with a—12+6) 


To solve for C (A+B) 3 


andB= 


(12—8) 


CO 12 C4) 6 D_] LJ 3 [sto [A] 


6. 


Answer for (A) 
CIE wise 
1, 5 | 
Answer for (B) 
aB(=]CLO al+]8D_ JE) 
lie 42 
Answer for (C) 
NOTE: 


Multiply command “X” may be omitted for multiplication 
between store memories (e.g., AX B) or for multiplication 
when astore memory is a multiplier (e.g.,3xA, 5B). 


e Use of store memories in expressions 
With the EL-5150, the initial capacity of each memory to 
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store the result of acalculation is 12 digits max. for 
mantissa and 2 digits max. for exponent. 

Any of the through keys may be entered in 
an expression to use the contents of the designated 
memory in the expression. Any of the through 


keys preceded by the key may also be used 
to display the contents of the designated memory and write 


them into the expression for calculation. 


Example: 
To store the result of division 4 + 3 into memory A and then 
perform the following calculations. 


4[=]3 [Sto] [A] 


1. 333333333 | 


@) To use an expression written directly with key. 


(to display FIX indicator) 
2 (to designate the fraction part as 2 digits) 


2[A]7Xx)3[=] 


[ e a ee 


@ To use an expression written with and 
keys. 


2 Dx] Ret) [AJ x) 3 [=] 


[ ° 7.98 | 
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Inthe example @) above, all the contents of memory A 
(12-digit mantissa and 2-digit exponent) are used, whereas 
inthe example (2), only the internal digits of memory A 
specified by FIX, TAB = 2 areused for calculation. 


NOTE: 


1; 


Store memory M shares the same memory area as the 
independently accessible memory. 
The result of a calculation cannot be automatically 
added to or subtracted from memories A through Z 
except M. A key sequence such as the one shown below 
would have to be used if the calculation result 5is tobe 
added to or subtracted from, forexample, memory A: 
5+ 
Store memory Zis used to store the results of 
calculations such as conversions of coordinates, 

,and . 
Memories A through T can also be used in the STAT 
mode. Memories U through Z are used to store the 
statistics. 
Remember that does not carry all internal digits 
into a calculation if is used (see the last 
example). To retain internal digits, enter the letter 
(memory designation key) without ‘ 
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Binary, Octal, & Hexadecimal 
Number Calculations 


The EL-5150 can perform conversions between any 
two of decimal, binary, octal, and hexadecimal numbers, 
and also perform four basic arithmetic operations on 
numbers expressed in these number systems. Decimal 
fractions are only possible in the DEC mode. 


Number System Modes 

To perform conversions between any two of decimal, 
binary, octal, and hexadecimal numbers, the calculator 
must be set in one of the following number system modes 
as applicable, with the Mode Selector switch in the COMP 


position. 


: Binary Number System (BIN) Mode. 

@ Displays 16-digit binary numbers. 

@ Converts the number in the display into its 
binary equivalent. When these two keys are 
pressed, the [IL indicator appears at the 
upper part of the display. 

e |f an expression is in the display, the 
calculator performs the calculation of the 
expression and converts the calculation 
result into a binary number. 

@ Inthis mode, only [0 ] and keys 
can be used. The other number keys and 
decimal point key thus become inoperative. 


: Octal Number System (OCT) Mode 

@ Displays 10-digit octal numbers. 

© Converts the number in the display into its 
octal equivalent. When these two keys are 
pressed, the indicator appears at the 
upper part of the display. 

e |fanexpression is in the display, the 
calculator performs the calculation of the 
expression and converts the calculation 
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result into an octal number. 

@ Inthis mode, only [_0_] through 
keys can be used. The other number keys 
and decimal point key thus become 
inoperative. 


: Hexadecimal Number System (HEX) Mode 
@ Displays 10-digit hexadecimal numbers. 
© Converts the number in the display into its 
hexadecimal equivalent. When these two 
keys are pressed, the [4 indicator 
appears at the upper part of the display. 
e |f an expression is in the display, the 
calculator performs the calculation of the 
expression and converts the calculation 
result ina hexadecimal number. 
@ Inthis mode, numeralkeys [_0 ] through 
(9 _] and hexadecimal number keys 
through [LF ] (Ly=], (Loc), LN], [27], 
: ) can be used. The decimal 
point key alone thus becomes inoperative. 


: Decimal Number System (DEC) Mode 

@ Converts the number in the display into its 
decimal equivalent. When these two keys 
are pressed, no decimal number system 
indicator appears in the display. Since the 
calculator normally uses this number 
system, the absence of any number system 
mode means that the unit is in the decimal 
number system mode. 

e lf an expression is in the display, the 
calculator performs the calculation of the 
expression and converts the calculation 
result into a decimal number. 

e Inthis mode, numeral keys [0 ] through 
[9 ] are used to perform four basic arithmetic 
operations and scientific calculations. 
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Cross-reference table for four basic notations 


Decimal Binary Octal Hexadecimal 
0 0 0 0 
1 1 1 1 
2 10 2 2 
3 11 3 3 
4 100 4 4 
5 101 5 5 
6 110 6 6 
7 111 7 7 
8 1000 10 8 
9 1001 11 9 
10 1010 12 A 
11 1011 13 B 
12 1100 14 C 
13 1101 15 D 
14 1110 16 E 
15 1111 17 F 
16 10000 20 10 
17 10001 21 11 
18 10010 22 12 
19 10011 23 13 


ine) 
oO 
aks 
oO 
ee Seok 
oS 
o 
PO 
> 
= 
> 


Conversions of Binary, Octal, Decimal, & Hexadecimal 
Numbers 


Example 1: 
To convert decimal number 19 into its binary equivalent 
(10011 from cross-reference table) 


19 (Decimal number) 
ia | 


(Dec to Bin) 


GH99GDGHDHGHH1GG11 
| a 
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Example 2: 
Toconvert hexadecimal number 2BC into its decimal 
equivalent. 


2B C (Hexadecimal number) 
es] 
fs 


NOTE: 

Use the hexadecimal number keys ; : ‘ 
, [J] ,and to enter A, B, C, D, E, and Fin 
the HEX mode. 


(Hex to Dec) 


799. | 


Example 3: 
To convert octal number 52 into its hexadecimal equivalent 


52  (octalnumber) 
52. 


(Oct to Hex) 


OOODGDOG2A 


Example 4: 
To convert binary number 101111 into its decimal, 
hexadecimal, and octal equivalents respectively 


101111 (Binary number) 
l1g1111_ 


(Bin to Dec) 


| 47. | 
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(Bin to Hex) 
DODDS OOO2E 


(Bin to Oct) 


P9HHBHBHHHHDS7 


Example 5: 
To convert a decimal number with a fraction part into its 
binary, octal, or hexadecimal equivalent 


12.34 [2ndF] [HEX] 


| ODDO O000C 


As shown in the above example, the fraction part (0.34) is 
truncated and only the integer part (12) is converted into its 
hexadecimal equivalent. 


Binary, Octal, & Hexadecimal Number Calculations 
With the EL-5150, four basic arithmetic operations (add, 
subtract, multiply, and divide) and memory calculations 
can be performed in the BIN, OCT, and HEX modes just the 
same as inthe normal DEC mode. (In other than the DEC 
mode, scientific functions cannot be perfomed.) 


e BIN mode 
Example 1: 
1011+1110= 


[onZc] [2ndF] [=8N] 1011 [+] 1110 L=] 


OO00000000011901 
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Example 2: 
(1010 — 100) x11 = 


LC] 1010 L=] 100 D_JCXJ 11 L=] 


[ 0000000000010018| 


e OCT mode 
Example 1: 
5+7= 


[ON/C] [nar] -0cT] 5 [+] 7 C=] 
9000000014 


Example 2: 
32+2= 


32[+]2[=] 


9000000015 


e@ HEX mode 
Example 1: 
2FF-25= 


[OWZC] [2ngF] GHEX) oF [=] 25 C=] 


09090002DA| 


Example 2: 
(2000 -1FC)+2= 


CC 2000 [=] 1FC D_J [=] 2[=] 


[ OO00000FG2| 
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@ Mixed calculations 

Example 1: 
To add decimal number 512 to hexadecimal number 1 FF F 
and convert the calculation result into a binary number 


[ONZ] [2ndF] [-0EC] 512 [2ndF] EHEX] Lt] 1 FFF 


9919000111111111 


Example 2: 
2FEC — 2C9E (1) 
+) 2000 — 1901 ... (2) 
Total (decimal number) ... (3) 


[ON/C] [==M] [2ndF] [HEX] 2FEC [— ] 2C9E 
[HE x] 
| D00000034E| 


Answer for (1) 


2000 [ — ] 1901 


DOODUDOGFF| 


Answer for (2) 


26.3.7. 


Answer for (3) 


NOTE: 

In binary, octal, or hexadecimal number 
calculations, if the result or intermediate 
result of acalculation turns to be anumber 
with a fraction part, the result is displayed 
with its fraction part truncated. 


Example: 


[2nd] oct] s [=] 2 [=] 


S000 000002 
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Inthe BIN, OCT, or HEX mode, anegative number is 
displayed as acomplement corresponding to the 
designated number system. 


Example: 


[2ndF] [-oec] [(=)] 1 


er tt 


[2ndF] [+BiN] 
a 
| REMC ORGR RRR RR ene 


(two's complement) 


[2nd] oct] 


[ FITIIIIITE 


(eight’s complement) 


[2ndF] [+HEx] 


[HEX] 
FFFFFFFFFF 


(16's complement) 


Inthe BIN, OCT, or HEX mode, anegative numberis 
entered using the ((@)] ) key. 


Example: 
To enter negative hexadecimal number 2 


[2nd] F:HeX] [NEG] 2 
[NEG 2 


[=] 


| FRERFEEEPE| 


50 


Logical Operations 


The EL-5150 can perform logical AND, OR, XOR (exclusive 
OR), XNOR (exclusive NOR), and NOT operations on 
binary, octal, and hexadecimal numbers. 

To enter logical operators, NOT, AND, OR, XOR, and 
XNOR, use the , ; ; ,and 
keys, respectively. The function printed atthe right above 
each of these keys will be entered. 


The truth tables of the logical operations are as shown 
below. 


A |B ||/A AND B/ A ORB /A XOR B/A XNOR B 
+ 
0/0 0 0 0 1 
1/0 0 1 1 0 
O| 1 0 1 1 0 
1/1 1 1 0 1 
A NOTA 
0 1 
1 0 
Example 1: 


AND operation of binary numbers 1101 and 111 


[on/c] [2ndF] [+BIN] 1101 [AND] 111 [= ] 
| SODODOOOG0000191 
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Example 2: 
OR operation of hexadecimal numbers 5B and F3 


[ON/C] [2ndF] HEX) 5B [OR] F3 [=] 


SOD ODODOFB 


Example 3: 
NOT operation of binary number 101011 


[on/c] [2ndF] [=BiN] [NOT] 101011 [= ] 
i81N] 
1111111111010106 


Example 4: 
Exclusive-OR operation of octal numbers 26 and 54 


[onc] [2ndF] [oct] 26 [XOR] 54 [= ] 
| O000000072| 


Example 5: 


Exclusive-NOR operation of hexadecimal numbers A5 and 
2F 


[ON/C] [2ndF] EEX] As [xNOR] 2F [= ] 


| FEEFFFFF75| 


Example 6: 
OR operation of hexadecimal number 8 E and binary 
number 11101 


[ON/c] [2ndF] [HEX] 8 E [2ndF] [BIN] LOR] 11101 [= ] 
it 96900000819011111| 


52 


Example 7: 
AND operation of hexadecimal number F5 and the result of 
OR operation of hexadecimal numbers 84 and 7E 


[ON/c] [2ndF] HEX] [_(] 84 [OR] 7E L)_] [AND] F5 [=] 
| O0O0d000FG| 
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Statistical Calculations 


Statistical Calculation (STAT) Mode 

@ Before performing a statistical calculation, you must 

place the calculator in the STAT mode. To do so, press the 
and keys with the Mode Selector switch in 

the COMP position, and the indicator will appear at 

the upper part of the display. 

To release the calculator from the STAT mode, press the 
and keys asecond time. 


e@ Remember that in the STAT mode, those keys not used 
for statistical calculations become inoperative. Examples 
ofsuchkeys are: [RM] , [=M] , [M+] . [2ndF] [M+] , 

[U]-—[Z]., (ome. [ime] .(1] . Lt]. Those 
keys used in the AER mode are also inoperative. In the 
STAT mode, binary, octal, and hexadecimal number 
calculations and conversions of coordinates cannot be 
effected. 


e The results of statistical calculations cannot be cleared 
with the .Use the and keys to clear 
the statistics stored in memories U through Z before you 
start another statistical calculation. 


e Even after the results of a statistical calculation have 
been obtained, additional information can be entered and 
the statistical calculation can be performed continuously on 
additional data entry. 


@ The following statistics obtained from a statistical 
calculation are stored in memories U through Z and are 
retained in memory even after the calculator is released 
from the STAT mode. 


| Memory Z ¥. X W Vv U 
Contents n | =x | =x? | Ixy | Ly | zy? 


54 


@ Memories A through T may also be used in the STAT 
mode and their contents will not be affected by any 
statistical calculations. 


Single-variable Statistical Calculation 
@ Statistics obtainable from calculation 


n Number of samples 
2x: Sumtotalofsamples 

2 Sum of squares of samples 
x :  Meanvalue of samples 


Le) 


(1) 
(2) 
(3) 
(4) 


ay 


x= 


(5) Sx: Standard deviation with population parameter 
taken as “n-1”. 


=x?— nx? 
ae ee Pe 


(Used to estimate the standard deviation of a 
population from the sample data extracted 
from that population.) 

(6) ox : Standard deviation with population parameter 


Te 


taken as “n 


— f2x?—nX? 
Ox= = 


(Used when all populations are taken as 
sample data or when finding the standard 
deviation of a population with samples taken 
as that population.) 


© Data input for calculation 


Data for single-variable statistic calculations are entered by 
the following key operations: 

1) Data (used to enter data one by one) 
(2) Data Frequency (used to enter two or 
more of the same data) 


Datacan be entered in the form of an algebraic ares 


estaba it must be parenthesized when the “+”, “—”, “x 
or “+” commandis used. 


” 
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Examples: 


(5 +4X3) [DATA] verter Frequency of datais 1. 
(SIN3 + LN2)x5 [DATA] «++ Frequency of datais 5. 


In the above examples, if the expression was not 

parenthesized, 5+ and SIN3+ would be ignored, and the 

same results would be returned as in key operations 4x3 
andLN2x5 : 

Frequency of data entered in the form of an expression 

must also be parenthesized. 


Example: 


10 0 CO 3 CE) 2 bag 


L must be parenthesized. 
@ Calculation 


Example: 

To solve for the mean value and standard deviation of the 
marks in an examination of randomly selected 35 students 
shown in the table below. 


(STAT modeis set) 


STAT, 


( indicator lights) 
¢ Data entries 


30 [DATA] 40 [DATA] 


[ =] 


(Number of samples is displayed) 


56 


50 LX _] 4 [pata] 60 LX] 5 [pata] 


70 LX] 8 [DATA] 80 LX] 9 [DATA] 


23, 


90 [X_] 5 [pata] 100 [X _] 2 [DATA] 


« Mean value 


[2nd] _z_] 


71. 42857143 


¢ Standard deviation 


[2ndF] [Sx ] 
| 16. 47508942 
[2ndF] Lex ] 


16. 23882542 


¢ Number of samples 


[2ndF] [_n_] 
35. 
¢ Sum total of samples 
[2ndF] [Sx ] 
2506. 
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¢ Sum of squares of samples 
f 187800. | 


STAT] (STAT mode is released) 


[ 6. 


( indicator goes off) 


NOTE: 

1. After all the data have been entered, statistics such as 
mean value, standard deviation, etc. may be obtained in 
any desired order. 

2. Aftera mean value, standard deviation, or any other 
statistic has been obtained as an intermediate result, 
more data can be entered and statistical calculations 
can be performed continuously on additional data entry. 

3. The key may be pressed consecutively to enter 
two or more of the same data instead of key operation; 


Frequency 


e Data entry correction 


If an erroneous data has been entered, the incorrect entry 
can be corrected using the key. 


Example: 
Tocorrect the marks of data No. 3 erroneously entered as 
55 instead of 50 in the above example 


| Star) | 


* Data entries 


30 [DATA 


| | 


58 


40 [DATA 


55 LX _] 4 [DATA] 


anu 


6. 


(Incorrect data is input) 


¢ Datacorrection 


55 LX ] 4 [cD] 


| ie | 


(Incorrect data is cleared) 


50 LX _] 4 [DATA] 


| = 


(Correct data is input) 


60 LX ] 5 [DATA] 


| Lie 


NOTE: 

An erroneous data entry before pressing the key can 
be cleared by the key. The correct data may then be 
entered. 


Two-variable Statistical Calculation 


e Statistics obtainable from calculation 


Statistics for both x and y such as n, 2x, xX, =x”, Sx, ox, and 
dy, 2y?, y, Sy, oy are the same as those for xin 
single-variable statistics, except that samples should be 
identified as x and y respectively. In addition, 2xy (the sum 
of the product of samples x and y) is obtained in this 
calculation. 


59 


In Linear Regression there are three important values; r, a, 
and b. The correlation coefficient r shows the quantitative 
relationship between two variables x and y for a particular 
sample. The value of ris between —1 and 1. If r equals —1 
or 1, all points on the correlation diagram are on aline. The 
further the value of ris from —1 or 1, the less the points are 
massing about the line. The closer the value ofr to 0, the 
less reliable is the correlation. If ris more than 0, itshowsa 
positive correlation (y is in proportion to x) and ifris less 
than 0, itis anegative correlation (y is in inverse proportion 
to x). 


y y 


x - xX > 
r=1 r=-1 r=0 


The equation for the straight line is y = a + bx. The pointat 
which the line crosses the y axis is a. The slope is b. 


r: Correlation coefficient 


Coefficient of linear 
b: b=-S*¥ regression equation y=a+ bx 


Estimated value (the value of x is estimated from 


that of y.) x’ -1;% 


Estimated value (the value of y is estimated from 
that of x.) y’ =a+bx 
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Sxx=2x?— 
Syy—Syi— Ey 


(= x)’ 
n 


Sxy=Sxy—2*2Y 


© Data input for calculation 


Data for two-variable statistic calculations are entered by 

the following operations. 

(1) Data“x” [(»)] Data“y” [DATA] (used to enter data 
one by one) 

(2) Data“ x” Data “y” [X_] Frequency [DATA] 


(used to enter two or more of the same data) 


Example: 


85 79 Frequency of datais 1. 
51 73x5 Frequency of datais 5. 


e Calculation 


Example: 

The following table shows the marks in Math and English of 
six students respectively. From this data, solve for the 
coefficients a and b of linear regression y = a + bx and 
correlation coefficient r. Then extimate the mark in English 
of astudent who would get 90 marks for Math and the mark 
in Math of a student who would get 80 marks for English. 


Student No. Mark in Math. = Mark in English 
n Xx y 
1 82 79 
2 53 50 
3 61 87 
4 74 96 
5 51 73 
6 51 73 
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82 [»)] 79 [DATA] 53 [fe] 50 [DATA] 
61 [fs] 87 [ATA] 74 [fy] 96 [DATA] 
51 [@»] 73 [X<] 2 pata] 


STAT] 


6. 
[2ndF] [ (a) 
34. 26199476 
2ndF] | (b) 
| 9. 678571429 | 
[2ndF] [(r) 


| 9.571587961_ | 


(this is a moderately reliable correlation.) 


90 [2naF] [(y)] 


z 95, 33333333 


(Estimated mark in English) 


80 [2nde} [(2")] 


67. 480350877 


(Estimated mark in Math) 
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CHAPTER 3 
OPERATIONS IN 
AER MODE 


The EL-5150 is provided with a mode called the “Algebraic 
Expression Reserve (AER)”, which is convenient for 
repetitive calculations. This mode allows you to 
preprogram calculation procedures (i.e., algebraic 
expressions) into the calculator in the AER mode so that 
the calculator may automatically execute calculations on 
numbers (variables) which you will enter in the COMP 
mode. The calculator has a programming capacity of 1,454 
steps (or 1,454 bytes) for storing programs consisting 
mainly of algegraic expressions and mathematical 
formulas. In addition, the calculator can perform 
conditional expression judgment, looping, and subroutine 
functions. 
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How to Use Algebraic 
Expression Reserve 


Configuration of AER 


An algebraic expression (or a program) consists of a title 
and amain routine with or without one or more subroutines. 


® Configuration 
Programming sequence 


01: Title Main Sub1... 9,0 
02: Title Main Sub1... 9,0 


Title number 


99: Title Main Sub1... 9,0 


@ Input message 


Input of title name 


Ol1:TITLE ? 


Input of main routine 


[Ms | 


Input of subroutine(s) 
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(1) Title 
To store a program, first type in the program title name: 


@ When you slide the MODE Selector switch to the AER 
position, amessage: “01 :TITLE?” will appear in the display 
to prompt you to enter the title of your program. A title name 
may not necessarily be entered. But it’s better to have one 
for quick, easy retrieval of the program you want to use 
later. You may program a maximum of 99 algebraic 
expressions within the memory capacity of the calculator. A 
2-digit title number (01 - 99) will be displayed to the left of 
the “TITLE?” message. 


@ Upto 21 characters may be used for a single title. Title 
characters exceeding 21 characters will be ignored. (Some 
keys are not usable for program title entry.) 


@ Pressing the key following the entry oftitle 
characters causes the program title to be stored in 
memory. If no program title is needed, press the key 
alone. 


(2) Main routine 


e When you press the key to store the programtitle, 
“M:_” will appear in the display. This indicator “M“ informs 
you that you are going to store a main routine. (The first 
program line immediately after a program title is 
automatically assigned to a main routine.) 


(3) Subroutine(s) 


@ Inaseries of calculation procedures, if you have an 
expression to be used over and over again, itis advisable to 
write the expression as a subroutine for execution as the 
occasion calls for. In this way, you can simplify the 
calculation procedures. 


e If you wish to use a Subroutine in a program, press the 
key after typing in the main routine. The main 
routine is stored in memory and“ {J} :— ” indicator 
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appears in the display to prompt you to enter the 
subroutine. The indicator“ {J}: —” is the label number of 
your first subroutine. You can program a maximum of 10 
subroutines per main routine. 

The calculator sequentially labels all the subroutines to be 
storedwithnumbers [J through and @ ,at 

the beginning of each subroutine line. 


e@ If your main routine has no subroutine, press the 
key after typing in the main routine. A message “@2: 
TITLE?” will appear in the display. (The title number may 
not be “$2” depending on the number of programs already 
stored). 


NOTE: 

1. The maximum length of an expression that you can 
write in one program line is 160 steps. Any characters 
and symbols entered in excess of this capacity are 
regarded as the 160th step and cause the character or 
symbol previously entered at that step to be rewritten. 
So, be sure to program each of your expressions within 
the capacity of 160 steps per line. If this is not possible, 
use subroutines. 

2. Remember thatin the STAT mode, the calculator 
cannot execute any of the programs you wrote in the 
AER mode. 


Programming Formulas 


Programs can easily be written so that when they are run 
(in COMP mode), they will ask you for values. There are 
two methods: 


(1) Input format | 
The key allows algebraic expressions to be entered 
in the form of: 

f(A ~ Z) = Expression 
by designating any of the memories A through Z as 
variables. 
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Example: 
f(AB) = A? + AB + B? 


(2) Input format! 

The function allows lowercase letters (a ~ 
z), Greek letters (a, 8, y, 8), and numeric characters 
reduced in size to be entered. The calculator automatically 
regards all these characters in an expression as variables. 
Thus, an expression is entered in the form of: 


Variables = Expression 
lowercase letters, Greek letters (a, (3, y, 9), 
numeric characters reduced in size. 


Example: 
c=a’+axb+b? 


Characters for Variables 


e Inthe AER mode, the calculator is putin the VAR 
(Variable Character Input) mode by pressing the 

and keys. The indicator appears in the 
display. Pressing these two keys a second time causes the 
calculator to exit from the VAR mode and the VAR indicator 
to disappear. 


@ Inthe VAR mode, the following keys are used to enter: 
~ : Lowercase letters 

0 ] ~ 9] :Numeric characters reduced in size 
[RCL], [RM], [=M] , [M+] : Greekletters (a, f, y, 6) 


@ |fone or more of these variable characters are usedin 
succession such as “a1” , the calculator automatically 
treats the character(s) as one variable. Amaximum of 
seven variable characters may be used in succession. 


Programming Examples 


@ Before you start the following programming and 
calculation examples, push the Reset switch to clear the 
memory contents. (See page 4 for operation of the Reset 
switch.) 
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[ALL CLEAR ? ENT 


Check that the above message appears in the display and 
then press the key. 


Example 1: 

Pythagorean Theorem Program 

To solve for the length of hypotenuse C in a right triangle 
with a given length on each of the other two sides A and B, 
where C = vA? + B* must be solved for in the form of 


(AB) = (A? + B?) 


(1) Programming 


Mode: > (AER mode) 


@1:TITLE ? 


(EnaF) CP] CO) ene] 
CO fear] CR (ile nameisinput 


61:PYTHAGORAS _ | 


(title name is stored) 


[Me 
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fO=] (A) C8 fO=) CO TAD 2 1] 
[)_] (main routine is input) 


[M:* (AB) = (a2 4B?) _ ey 


(main routine is stored) 


@2:TITLE ? 


(2) Program Calculation (where A = 3, B = 4) 
Mode: on (COMP mode) 


| 0. | 


TITLE 


[91 :PYTHAGORAS | 


COMP 


(al a 


(The calculator is asking you for the value of A.) 


3 [COMP] 


[p=? _| 


(The calculator is asking you for the value of B.) 


4 [COMP] 
|ANS 1= 5. | 


(Length of C is given as Answer 1) 


@ More than one algebraic expression may be written ona 
program line by separating them with the space or 
comma [_; ] key. |Iftwo expressions are separated bya 
space, the calculator will execute the expression 
immediately after the space without displaying the result of 
the expression immediately before the space. If they are 
separated by acomma, the calculator will display the result 
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of the preceding expression before proceeding to the 
following one. 


Example 2: 

Plotting Program 

To solve for f (A) = 3A? + 7A + 9 with the value of A being 
as1,2,3,-° 


(1) Programming 


Mode: pg (AER mode) 


[o2: TITLE : 


[Brae] CP] (BngF] CL] (ena) CO] Coa] CI 


ENT 
Mi | 


CA] (4) 1 [sto] LAT 3 LAT C2 LE] 
7[A]L4]9 


M:A+1=A, 3A7+7A49_ 


[ENT| 


Pst PITLE ? | 


(2) Program Execution 


Mode: On (COMP mode) 
L 0. | 


TITLE 


|92:PLOT | 
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0 [Sto] [A] 


19. 


35. 


NOTE: 


(f(2)) 


In the above example, the number displayed to the right of 
“ANS” indicates that the answer is that of the 1st or 2nd 


expression separated by acomma. 


Example 3: 
Cosine Rule Program 


c= a? + b* — 2abcos0 
(1) Programming 


Mode: | (AER mode) 


@3:TITLE ? 


[C] [and] LO} [2nae] [S_] (1_] [nde] CN] CE] 


ENT 


[wi 
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[2nd] VAR] LC J[=} ILO CAI) 
C+] (8) 22) J Lend] WAR] 2 [2nd] [VAR] 
[A] 0) (84 eos] (2 1 D4 


Mic=J-(a2+b2—2aXbCOS 6) _ 


[ENT] 


@4:TITLE ? 


(2) Program execution (where a = 4, b = 7, 8 = 60°) 


Mode: wn (COMP mode) 


>COSINE 


— 
7 
w 


(Press until DEG is designated) 


DEG 


DEG 


DEG 


c= 6. 68276253 
(length of C) 
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Variable data Check by Playback Function 

When executing any of the programs (algebraic 

expressions) stored in memory, the calculator holds the 

number of value entered as a variable until the next input. 

To confirm the number already stored in memory, press the 
key and the number will be recalled to the display 

from memory. 


Example: 
Cosine Rule Program 


c= Va’ +b*— 2abcosé 


Mode: an (COMP mode) 


TITLE 


[93 : COSINE | 


COMP 


7 [cone] 


[ema | 


60 [Cow] 
lo= 6. 08276253 | 
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Blinking cursol (The number stored in variable a is displayed.) 


COMP 


[b=? | 


Search Functions 

@ Title search 

This function allows you to search the title names of the 
expressions stored in memory one by one (in ascending 
order of title numbers) at each depression of the 
key. 

To execute any of the programs stored, you must perform 
the title search operation with the calculator in the COMP 
mode and then press the key when the desired title 
is recalled on the display. 

To correct any of the stored programs, you must perform 
the title search operation with the calculator in the AER 
mode, and then press the key to display the 
program contents when the desired title is recalled on the 
display. 


NOTE: 

1. The key causes title names to be displayed, 
commencing with the one last accessed. 

2. The key may be pressed and held down to 
search title names quickly in ascending order. 

3. Title names can be searched in the descending order of 
title numbers by pressing the and keys. 
Holding down the after allows quick 
review of title in descending order. 
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@ Direct search 

Enter the first character (or several characters from the 
beginning) of the title name you want to search and then 
press the key. The title names commencing with the 
designated character string can now be accessed directly. 
Example: 

To search a program named “COSINE” 


[C ] [2nae] o_} [ritte] 
[93: COSINE 


If none of the programs commencing with characters “CO” 
exists in memory, the calculator will return the following 
message to you. 


NOT FOUND 


NOTE: 

The direct search function is effective only for the 
alphabetic and numeric characters. If a title name has been 
entered using function keys such as and ; 
such a title name cannot be searched directly even though 
the key operation: or 
is performed. A message “NOT FOUND’ is also displayed 
inthis case. 
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Conditional Expression 
Judgment Function 


The EL-5150 compares the left side of a conditional 
expression (in which >, >=, or # sign is used) withits right 
side, and determines the destination of the calculation to be 
executed next based on the result of the comparison. If the 
condition in the conditional expression is satisfied, the 
calculator executes the calculation or operation enclosed 
with brackets preceded by — Y—. If not satisifed, the unit 
executes the calculation or operation enclosed with 
brackets preceded by —N-—. 


NOTE: 
Aconditional expression cannot be used inside the 
-Y>[ ] or—N-[ ] brackets. 


You can write a conditional expression in the following 

forms: 

Left side > Right side Is left side greater than right 
side? 

Left side # Right side Is left side unequal to right side? 

Left side >= Right side _|s left side equal to or greater 
than right side? 


Example 1: 
Flowchart of Conditional Judgement Function 


Conditional 
expression 


YES 


Formula (1) 


Formula (2) 


va 4 


In the conditional expression as shown in the above 
flowchart, if a given condition is satisfied (if YES), formula 
@)is executed. If a given condition is unsatisfied (if NO), 
formula (@2)is executed. This decision is made using the 


and keys. 


NOTE: 


Eitherof -Y—[ ] or -N-—[ ] may beomitted from 
entry as shown below. 


Conditonal \ 
expression —Y— [Formula @)=] Formula (2) m 
A 


Example 2: 
Flowchart of Conditonal Judgement Function 


Conditional 
expression 


Formula (2) 
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Inthe conditional expression as shown in the above 
flowchart, 

If YES, formula (3) is executed after formula (a). If NO, 
formula (3) is executed after formula (2). 


-_~ -— — = ad 


Conditional it 
expression —Y— [Formulaq@) ]— N— Fonsulad) ! 
LR AURCITY aaa en OPN Te TERA OER | 
Formula (3) ne ! 
! 


‘ . pul 


© Toterminate a series of caleulations, [2ndF] [= ] 
(Calculation End Command) must be entered after the last 
formula in the series. 


Example 3: 

Quadratic equation 

Let’s solve for ax? + bx + c = 0, where a # Oanda, b, andc 
are real numbers. 

The quadratic equation can be solved by the following 
formula: 


x = ~b tb? = 4ac) 
2a 


With the value of the discriminant d = b?— 4acunder/__ , 
real numbers are solved for if d = 0, and conjugate 
imaginary numbers are solved for ifd <0. 


e@ Flowchart of expression 


Formula (1) 


Conditional 
expression 


e=—b2a r1=(—b+ Jd)+2a 
Formula (3) B=SABS d+2a 51=(—b— fd)+2a Formula @) 


Formula (1) is a discriminant. 

Conditional expression determines if the value of the 
discriminant is equal to or greater than 0. 

Formula (2) solves for realnumbers. 

Formula (3) solves for imaginary nubmers (where a. is the 
real part and Bis the imaginary part). 


@ Input format of expression 
Formula) Conditional expression — Y— [Formula @) =] 
—N —>[Formula@) »] 


Formula (2) to be stored in subroutine 
Formula (3) to be stored in subroutine 


(1) Programming 


Mode: 4" (AER mode) 


loa: TITLE ? 


[2nd] LQ_] [2nae} LU} LA] (_] [2nd] LR] LA] 
[2nd] [7] (1) Ce [2] CE] Rena] Le] [ence] 
[0] [A] [nae] [7] (J Lent] [0] anak] CN] 


ENT 


[Me 


[2ndF] 1 [2ndF] [VAR] [D_} [2nd] [2 =] [2ndF] [VAR] 
0 [2nd] ECT] [2nd] 2 [2nd] [a] [2nd] Ext] [2ndF] 
En-{]] [2nd] 3 [2nd] [= ] [2ndF] Exot] 


M:Bd>=¢ =Y9 (BH) =nN9 (He) _ 


(main routine is stored) 


Oo: _ 
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[2ndF] [VAR] [D_] [=] [8] C2] [=] Rend] [var 
4 [2ndF] [VAR] [A] LX] CC] 


M: d=b?—4aXc_ 


(Subroutine 1 is stored) 
A: 


[2ndF] [VAR] (X ] 1 [=}CO Ce CBI CEILI 
[0] 1] =] [nae] [WAR] 2 [2naF] [VAR] LA] L-_] 
VAR] 


MB: x, = (-b+/ d) +2a, _ 


OO 2 EI CORN BmIE Io e)b4 
[=] [2nae] [VAR] 2 [2naF] [VAR] [A ] 


- 
|= b+0d)+2a,%2= (-b-Sd) +2a_ 
(Subroutine 2 is stored) 


[2naF] (WAR) C=] C= 7 CD) CB] C7 Benet] [War] 2 
[BnaF] (VAR) CA] (=) C2) C=) 2) ne] (ABS) 
(CO) CJ Gea] [VAR] o na] WAR] CAI 


B:ac=-b+2a, B=SABS d+2a_ | 


(Subroutine 3 is stored, and the program is completed) 


[ose TITLE ? 
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(2) Program execution (where a=2, b= —4, c=1) 


Mode: OP) (COMP mode) 


Raa 


64:QUADRATIC EQUATION 


[E)] 4 [cone] 


= | 


2 [come] 


[oot | 


1 [COMP] 


lx. = 1. 707106781 


X2= 0. 292893219 
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Looping Function 


The looping function permits the same calculation or 
processing to be repeated over and over again. This 
function is designated in a series of calculation procedures 
by using twocommands:“ Lt, ” (Return here) and 
“|” (Returnfromhere to“ t, ”command). 

The basic looping format is as shown below. 


L, Formula) 


~—7=2::Conditional expression 


| 1 
ee So [a] Sss552! 
! 

'_---—= —N-> [Formula @)m] 

If YES, execution returns to formula (a), and If 
NO, formula (2) is executed. 


NOTE: 
Up to 15 loops can be nested. 
Example: 
Double-looped conditional expressions 
roa - & 
Formula (1) 
Poitt em G&G 


Formula(2) 


Conditional expression (4) 


poo --- -- 


-- -Yo[4] 


| —N- [Formula@)] 

| 

Conditional expression (2) 
| 


ease =¥.04 


—N-—[Formula(@) m ] 
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NOTE: 
>,>=,7,-Yo[ ],-No[ ], \,ando 
cannot be used in a subroutine. 


Let’s write a program expression using both the conditional 
judgement and looping functions. 


Example: 

Program “DOWN“ 

To solve for the approximate value of the time when aball 
falling from the point 30 meters above the ground at the 
initial velocity of Vo (m/s) reaches the ground 


Fallingdistance s = voxXt+0.5x9.8t? 


e Flowchart of expression 


Initial velocity : Vo 
t=0 


Formula(a) S = Voxt+ 0.5x9.8t? 
Formula (3) 
Conditional 
expression 
Formula @) 
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@ Input format of expression 


Ls Formula) conditional — Y— [Formula(2) m ] 
expession 


—N->[Formula (3) 4 ] 


(1)Programming 


Mode: > (AER mode) 


\O5: TITLE ? | 
LD _] [2ndF] (0 _] [2ndF] [Ww _] [2ndF] [_N 


[05 DOWN_ | 


[ENT] 
Mi _ | 


2ndF] [Ls | [2ndF] [VAR] [2ndF Es 
0 LX] Lena] (7_] [F] [nck] [VAR] 0.5 7X] 9.8 
2ndF] [VAR] [2ndF] [ T ] [a? ] [—] 


M:it.S=VoXt+O. 5X9. 8t27._ | 


[2ndF] [_S_] [2ndF] [5 =] [2nd] [VAR] 30 
[VAR] [2ndF] [T_] [=] [2naF] (1 _] [2ndF] [&] [2ndF] FO] 
[2naF] EN=UJ] [2nd] [_T_] [=] [2ndF] (T_] [4] [2nde] [VARI 
0.1 [2ndF] [=] [2ndF] EN-t] 


Gaye (t=tm] aNm[t=t4g. 14) _| 
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(2) Program execution (where vo = 3, t = 0) 


Mode: a (COMP mode) 


fs 2.0 | 


(The approximate value is 2.2 seconds.) 
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Program Correction & Editing 


Correction of Title Name Entry 

During the input of a program in the AER mode, if you find 
an error in the title name of the program, press the [= _] 
or [=] key to move the cursor to the point where an 
incorrectly entered character exists. Enter the correct 
character at the point where the cursor blinks. 

@ The key causes the character at the cursor 
position to be deleted. 

© The and keys cause all the characters at 
the right of the cursor position to move to the right by one 
digit. Thenthe “  ” indicator appears at the cursor 
position to prompt you to insert the correct character at that 
position. 


Example 1: 
To correct the title name erroneously entered during 
programming to read from “COSSAIN” to “COSSINE” 


Mode: a (AER mode) 


PEL TIETLE 2? | 


LC _] [2ndF] [0 | [2ndF] ["S_] [2ndF] -S_] [A] 1] [2naF] 


|96: COSSAIN_ i 


eee 


196: COSSINE_ | 


(Title name is corrected.) 


lM: | 


(Title name is stored.) 
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[2ndF] [VaR] LC] C=] 7) CC) (AT 2) 4 18] 
Cx? ] [— ] [2ndF] [var] 2 [2naF] [VaR] LA] LX] [8] 
[cos] (6 | L)_] 


M:c=J (a*+b*—2aXbCOS 6) _ 


[ENT] 


@7:TITLE ? 


© Tocorrect the incorrect title name of the program stored 
inmemory, recall the title of the program by performing the 
title search operation in the AER mode. The title name can 
then be corrected in the same manner as in example 1. 


Example 2: 

To correct the erroneously entered title name of the 
program stored in memory to read from “COSSINE” to 
“COSINE” 


TITLE 
@6:COSSINE 


(Title search function.) 


i Ee Se 


[g96: COSINE 


(Title name is corrected.) 


[ENT] 


M:c=J/ (a?+b?—2aXbCOS 8) 
(Title name is stored.) 
ENT 


[o7:TITLE ? | 


In either case, be sure to press the key at the end of 
the correction. 
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Correcting Program Contents 


© Tocorrect the contents of a program (one or more 
algebraic expressions) stored in memory, perform the title 
search operation in the AER mode to recall the title of the 
program you wish to correct on the display. Then press the 

key and the contents of the main routine will be 
displayed. If the program has any subroutines, press the 

[4 ] key consecutively to display the subroutines. As 
you didin the title name correction, move the cursor to the 
point on a program line where you wish to make corrections 
and then enter character(s) for correction. 


@ Press the key after you have completed the 
correction of each main or subroutine line. 


NOTE: 
Variable characters (see page 68) will be cleared asa 
result of correcting an expression in the program. 


Deleting or Clearing Program Contents 


© Todelete a specific program line (an algebraic 
expression) from a program, call the title of the program 
you wish to delete on the display using the key, 
locate the line to be deleted, using the key inthe 
AER mode, and then press the and keys. 
The line has now been deleted from memory. 


® Todelete a specific program from memory, call the title of 
the program you wish to delete on the display by the title 
search operation in the AER mode, and press the 
and keys. The following message will appear on the 
display. 


OO:CLEAR ? —-+ENT 


Then press the key and the program (title name, 
main routine, and subroutines) will be deleted from 
memory. Memory contents will be retained by pressing the 


[ON/C] key. 
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e Toclear all the programs stored in memory, push the 
Reset switch at the rear of the calculator in the AER mode, 
and the following message will appear on the display. 


ALL CLEAR ? ENT 


Then press the key and all the programs stored in 
the AER mode will be cleared from memory. Memory 
contents will not be cleared when any key other than 


is pressed. 


CAUTION: 

1. Inthe AER mode, do not use the key 
sequence while the title name is in the display. 

2. Inthe AER mode, do not use the key 
sequence while writing a main routine or subroutine. If 
you press the keys during the process 
described in 1 and 2 above, insignificant data may 
appear inthe display. In this case, press the key 
to return the display to the original state. Key operation 
other than may result in the destruction of 
memory contents. 
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CHAPTER 4 
DISPLAY SYSTEMS & 
DECIMAL PLACES 


Display Systems 


The EL-5150 has four different display systems which can 
be selected with the (display mode control) key. 


When you press the key in the COMP mode, the 
display mode indicator “FIX”, “SCI”, or “ENG” or ablank 
(none of these) will appear at the upper part of the display. 
The key is operative only after the result of a 
calculation has been displayed or when calculator is 


cleared with key. 


see scl ——» ENG ——+ aeetl 


(Reset) 
\ 
Fixed decimal places Floating decimal place 

(See “decimal places” later) 


The designated decimal point system and decimal places 
will be retained even when the calculator is turned off. 

(1) FIX (FlXed decimal point system) 

@ Each calculation result is displayed after being rounded 
to the number of decimal places selected with the [TAB] 
key. 

e@ When acalculation result is to be used for further 
calculations or formulas, the contents displayed will be 
used. 


When the absolute value of a calculation result is less than 
1, the result may be displayed in the exponential form 
(scientific notation) accoridng to the number of decimal 
place selected with the key. 
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Example 1: 
If the absolute value of a calculation result is 1 or more 


(To display FIX indicator) 
3 (To fix the number of decimal places to3) 


§ L=13[=] 


1. 667 


| s 


1. 667X_ 


FIX 


Example 2: 
If the absolute value of a calculation result is less than 1 


xe] 5 L=]9[=] 


| os g.556 | 


15. 556E-G1X_ | 


(2) SCI (SClentific notation) 


@ Calculation result is displayed with scientific notation 

(Ax 10°). 

Since the mantissa part of the calculation resultis 
displayed in accordance with the decimal place 
designation (TAB), the number of significant digits can be 
easily designated. The next digit after the specified number 
of decimal places is automatically rounded off. 


e@ When acalculation result is to be used for further 
calculations or formulas, the contents displayed will be 
used. 
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Example: 


ON/C (To display SCI indicator) 


2 (To fix the number of decimal places to 2) 
S12) 7 f=) 

sci 
4. 29E-§2 | 


sci 


4. 29E-G24+_ 


The above display means that the number of significant 
digits has been fixed to 3. 


(3) ENG (ENGineering notation) 


@ Each calculation result is displayed on the basis of 
scientific notation (Ax 10°). At this time its mantissa is 
displayed according to the decimal place designation 
(TAB) and the exponent is automatically set to a multiple of 
3 (----6, -3, 0, 3, 6,---) for display. Therefore, any display can 
be easily read in units of K (kilo- 10°) or m (milli- 10°9), etc. 
that is commonly used in the engineering field. 


@ When acalculation result is to be used for further 
calculations or formulas, the contents displayed will be 
used. 


(The next digit after the specified number of decimal places 
is automatically rounded off.) 


Example: 
(To display ENG indicator) 
9 (To fix the number of decimal places to 2) 


8i-)17E) 


| ENG 


42. 86E-@ 3 
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[42. 86E-83X_ 


ENG 


(4) Blank (i.e., when none of FIX, SCI, and ENGis 
displayed) 


@ Each calculation result is displayed in the floating 
decimal point system. 

Calculation result xis displayed on the basis of scientific 
notation if it is outside the range of 0.000000001 < |x| 
<=9999999999 or not zero. 


@ When acalculation result is to be used for further 
calculations or formulas, the calculator will secure as many 
significant digits as possible (10 digits max.) for the next 
formula. 
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Decimal Places 


The key is used to specify the number of decimal 
positions in a calculation result when the FIX, SCI, or ENG 
mode is set. The number of decimal places is specified by 
the numeral key ( [0 ] - [9 ] ) following the key. 
Carry over will be automatically rounded. 

Use the key when the calculation result is displayed 
or when the calculator is cleared with the key. 


Example: 
If FIX mode is designated 


(To display FIX indicator) 


9 (To fix the number of decimal places to9) 
5L-)9[=] 


| 6. 555555556 | 


8 (To fix the number of decimal places to8) 


FIX 
9. 55555556 | 


TAB] 7 (To fix the number of decimal places to 7) 
[- FIX 

9. 5555556 | 
TAB! 0 


i 1. _| 
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Note: 
1. Ifanu 


mber cannot be displayed in the number of 


decimal places specified by , the number may be 
displayed in less than the number of decimal places 
specified by : 

2. The designated number of decimal places is retained 
even when the display system is changed or when the 
power is turned off. 


Indicators 


— 


: Indicates that the information (a portion of an 


expression or formula) that has already been 
displayed exists at the left of the information (a 
portion of the expression or formula) now on the 
display. 


: Indicates that the information yet to be displayed 


continues to the right of the information now on the 
display. Also indicates that the calculator is 
performing acalculation. 


Indicates that the second function of another key 
has been specified. 


: Indicates that the hyperbolic function has been 


specified. 


: Indicates that “degrees” must be used as the angle 


of unit for the calculation. 


: Indicates that “radians” must be used as the angle 


of unit for the calculation. 


Indicates that “grads” must be used as the angle of 
unit for the calculation. 


: Indicates that the result of a calculation is to be 


displayed in the fixed decimal point system. 


: Indicates that the result of a calculation is to be 


displayed in the scientific notation system. 
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ENG 


OCT 


: Indicates that the result of a calculation is to be 


displayed in the engineering notation system. 


: Indicates that the calculator is in the BIN (binary 


number system) mode or that the displayed number 
is a binary number. 


: Indicates that the calculator is in the OCT (octal 


number system) mode or that the displayed number 
is an octal number. 


: Indicates that the calculator is in the HEX 


(hexadecimal number system) mode or that the 
displayed number is a hexadecimal number. 


Indicates that the calculator is inthe STAT 
(statistical calculation) mode. 


: Indicates that the calculator is in the VAR (variable 


character input) mode. 
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APPENDIXES 


Appendix A 


Operating Controls 


Unless otherwise specified, the keys listed below can be 
used in either the COMP or AER mode. 


AER 


| 


2ndF 


Mode Selector (Slide Switch) 


AER: Algebraic Expression Reserve Mode 
This mode is used to program algebraic 
expressions into the calculator’s memory. 
In this mode, no calculation can be 
performed. 


COMP: Compute mode 

This mode permits the calculator to perform 
all calculations including four basic 
arithmeric operations, scientific 
calculations, statistical calculations, and 
calculations that use algebraic expressions 
programmed in the AER mode. 


OFF: Setting the switch in this position 
turns off the power supply of the calculator. 
Sliding the switch from the OFF position to 
the COMP or AER turns on the power 
supply of the calculator. 


: 2nd Function Key 

Used to designate the second function of 
another key. The second function is printed 
in brown above the key top. 

NOTE: If this key is pressed by mistake, 
press the key again to cancel the second 
function designation. 
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ON/C 


:ON/Clear Key 

When the Auto Power-Off feature is active, 
pressing this key causes the calculator to 
turn on. This key is also used to release the 
calculator from an error condition. 

COMP mode: 

Used to clear numeric data or calculation 
commands from the display. The memory 
contents or programs will remain 
unchanged even after the clear operation. 
Pressing this key during aprogram 
execution breaks the execution. 

AER mode: 

Used to move the cursor to the beginning of 
the currentline. If this key is pressed while a 
program title (with no cursor) is inthe 
display, the title will be replaced with a 
message “00 :TITLE?”. 


: Clear All Key 

COMP mode: 

Used to clear numeric data or calculation 
commands. The memory contents or 
programs will remain unchanged even after 
the clear operation. Also used to clear the 
result of a statistical calculation or statistical 
data entered inthe STAT mode. (The 
contents of memories A ~ T will remain 
unchanged.) 

AER mode: 

If these keys are pressed while program 
contents are in the display, the program line 
now in the display will be cleared. If they are 
pressed while a program title is in the 
display, the title will be replaced witha 
message “00: CLEAR? > ENT”. Pressing 
the key will delete the program of 
that title. 
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COMP 


: Display Mode Designation Key 

COMP mode: 

Used to select the display mode from FIX, 
SCI, and ENG. 


: Degrees/Radians/Grads Selection Key 

Used to designate the unit of angle (DEG, 

RAD, or GRAD) for calculation of 

trigonometric and inverse trigonometric 

functions and for conversion of 

coordinates. Each depression of these 

keys causes the unit of angle to be changed 

from one unit to another. 

Example: DEG— GRAD: Press the 

keys twice. 

“DEG” - Entries and answers are in 
decimal degrees. 

“RAD” - Entries and answers are in 
radians. 

“GRAD” - Entries and answers are in 
grads. 


(100g=90°=-5- (RAD)) 


: Compute Key 

COMP mode: 

Used to execute a stored program 
(algebraic expression). 


: Playback Key 

COMP mode: 

Pressing this key allows you to check or 
correct all of the inputs or to display the last 
executed expression for re-execution. The 
input or expression called is displayed in 
24-step segments. 
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andF] [INS] 


AER mode: 
Used to display the contents of the program 
line in 24-step segments. 


: Delete Key 

Used to delete the character (number or 
letter) at the cursor position. (The cursor 
does not move.) 


‘Insert key 
Provides a blank space necessary for 
insertion of acharacter (number or letter) 
into the cursor position. Pressing the 

and [INS] keys inthis sequence 
shifts the contents of the display to the right. 
In the blank space, the insert mark“ ” 
appears. 


: Cursor Step-Down Key 

Used to move the cursor left by one step. 
While this key is being pressed and held, 
the cursor moves left in quick succession. 


: Cursor Step-Up Key 

Used to move the cursor right by one step. 
While this key is being pressed and held, 
the cursor moves right in quick succession. 


: Exponent Key 

Used to enter the exponent part of a 
number. 

Example: 1.234x10'° 

Keyin: 1.234 [Exp] 15 
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TAB 


2ndF 


! 


NOTE: 

The number of digits for the exponent part 

is 2 digits. Anumber with a decimal fraction 

may be entered, but the calculator ignores 

the decimal point in the calculation process. 

If more than two digits are entered, only the 

last two digits are effective as the exponent. 

Example: COMP mode 

Key in: 2 1234 [=] — “2.E34’is 
displayed. 


: Tabulation Key 

COMP mode: 

Used to fix the number of decimal positions 
inacalculation result. The number of digits 
(O ~ 9) must be entered following this key. 


: Recall Answer Memory Key 
Used to recall the data stored in the answer 
memory. 


: Memory Check Key 

The remaining capacity of the memory is 
indicated in bytes on the display while these 
keys are being pressed and held. 


: Modify Key 

COMP mode: 

Used to match the internal calculation 
result with the calculation result in the 
display. 


: Plus Key 
Pressed for addition. 


: Minus Key 
Pressed for subtraction. 


104 


H 


: Multiplication Key 
Pressed for multiplication. 


: Division Key 
Pressed for division. 


: Equals Key 
Used to obtain the result of a calculation. 


: Numeral Keys 
Used to enter numeric data. 


Example: 1234— (1 ](21(3](4] 


NOTE: 

These keys are also used to enter numbers 
0 ~ 9 reduced in size as variables in the 
VAR mode. 


: Open Parenthesis Key 
Used to enter an open parenthesis. 


: Closed Parenthesis Key 
Used to enter a closed parenthesis. 


: Change Sign Key 
Used to enter a negative number. 


Example: -2.4— [)] L- ] 


: Decimal Point Key 
Used to place the decimal point in the 
number entered. 


Example: 12.3— [1 : 3 
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[A]~(2] 


: Store Key 

Used to store a number in each of the 26 
memories ~ by pressing this 
key followed by one of the - 
keys. When these keys (for example, 

) are pressed after anumber 
(or acalculation result), the number is 
stored in memory A by clearing the 
contents previously stored in the memory. 


: Recall Key 

Used to recall the contents of the 
designated memory. To recall each of the 
26 memories A ~ Z, depress one of the 

- keys following the 
key. (Example: ) 


: Memory Designation Keys 

AER mode, COMP mode: 

When one of the - keysis 
pressed following the or key, 
the corresponding store memory is 
designated. 

VAR mode: 

Used to enter lowercase letters (a to z) as 
variables. 


: Recall Memory Key 


Used to recall and display the contents of 
the independently accessible memory. 
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2ndF 


2ndF 


FRAC 


: Memory In Key 

Used to store a calculation result in the 
independently accessible memory. When 
this key is pressed, the previous contents of 
the independently accessible memory is 
cleared and replaced with the calculation 
result. To clear the independent accessible 
memory, depress the key followed 
bythe [==M] key. (Inthis case, 0 (zero) is 
stored in the memory.) 


:Memory Plus Key 

Used to add a calculation result to the 
contents of the independently accessible 
memory. 


: Memory Minus Key 

Used to subtract a calculation result from 
the contents of the independently 
accessible memory. 


:D.MS — Decimal Degrees Conversion 
Key 

Used to convert an angle in the 
sexagenary notation system (degrees, 
minutes, seconds) into decimal equivalent 
(in degrees). 


: Decimal Degrees > D.MS Conversion 
Key 

Used to convert an angle in the decimal 
notation system (in degrees) into 
sexagenary equivalent (in degrees, 
minutes, seconds). 


: Fraction Key 
Used to determine and display the fraction 
part of anumber. 
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: Integer Key 
Used to determine and display the integer 
part of anumber. 


: Absolute Value Key 
Used to determine and display the absolute 
value of anumber. 


:Pi Key 
Used to enter the constant nt (nm = 
3.141592654). 


: Power Key 
Used to raise anumber to a power. 


: Power Root Key 
Used to obtain the power root of a number. 


: Square Key 
Used for squaring. 


: Square Root Key 
Used for square root calculations. 


: Cubic Root Key 
Used for cubic root calculations. 


: Common Antilogarithm Key 
Used to calculate the antilogarithm with 
base 10. 


: Natural Logarithm Key 
Used to obtain the logarithm with base e (e 
+= 2.718281828). 


: Natural Antilogarithm Key 
Used to calculate the antilogarithm with 
base e of the displayed number. 
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: Common Logarithm Key 
Used to obtain the logarithm with base 10. 


: Reciprocal Key 
Used for reciprocal calculations. 


: Hyperbolic Function Key 
Used with the respective trigonometric 
function keys to calculate hyperbolic 
functions (SINH, COSH, TANH). 


: Inverse Hyperbolic Function Key 
Used with the respective trigonometric 
function keys to calculate inverse 
hyperbolic functions (SINH™', COSH", 
TANH’!). 


COS] : Trigonometric Function Keys 


TAN Used to calculate the respective 
trigonometric functions. 
: Inverse Trigonometric Function Keys 


2ndF Used to calculate the respective inverse 
trigonometric functions. 
: Rectangular— Polar Coordinates 
Conversion Key 
Used to convert rectangular coordinates 
into polar coordinates. 


2ndF 


z 
za 
m 


C} :Polar— Rectangular Coordinates 
Conversion Key 

Used to convert polar coordinates into 
rectangular coordinates. 


andF] [x!] :Factorial Key 
Used to calculate the factorial n! = n(n-1) 
(n-2) .....2°1. 
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2ndF 


>BIN 


[ 2ndF 


[>0CT 


| 2ndF 


HEX] 


2ndF 


: Combinations Key 

Used to determine the number of possible 
combinations when selecting a specific 
number of items (r) from any number of 
different items (n). 


: Permutations Key 

Used to determine the number of possible 
permutations when arranging a specific 
number of items (r) selected from any 
number of different items (n). 


: Binary Number Mode Key 

COMP mode: 

Used to set the binary number system 
mode. Also used to convert the number 
displayed into a binary number. 


: Octal Number Mode Key 

COMP mode: Used to set the octal number 
system mode. Also used to convert the 
number displayed into an octal number. 


: Hexadecimal Number Mode key 
COMP mode: 

Used to set the hexadecimal number 
system mode. Also used to convert the 
number displayed into a hexadecimal 
number. 


: Decimal Number Mode Key 

COMP mode: 

Used to set the decimal number system 
mode (normal mode). Also used to convert 
the number displayed into a decimal 
number. 
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: Negative Key 
BIN, OCT, or HEX mode: 
Used to obtain the negative counterpart of a 
number. 


Hexadecimal Number Key 
HEX mode: 


A :Usedto enter hexadecimal number “A”. 


B_: Used to enter hexadecimal number “B”. 


fe) 


: Used to enter hexadecimal number “C”. 


o 


: Used to enter hexadecimal number “D”. 
E  :Used to enter hexadecimal number “E”. 
F  :Usedto enter hexadecimal number “F”. 


Logical Operator Keys 
BIN, OCT, HEX mode: 


NOT Key 

: Used to enter logical operator “NOT”. 
: AND Key 

Used to enter logical operator “AND”. 
:OR Key 


Used to enter logical operator “OR”. 


XOR] : Exclusive OR Key 
Used to enter logical operator “XOR” 
(exclusive OR). 


xnoR] : Exclusive NOR Key 


Used to enter logical operator “XNOR” 
(exclusive NOR). 
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(x,y) 


2ndF] [_n | 


[2ndF 


zy] 


: Statistical Calculation Mode Key 

COMP mode: 

Used to set or reset the STAT (statistical 
calculation) mode. When the calculator is 
set in this mode by these keys, the “ 4 
indicator appears, and at the same time the 
numeric values and calculation commands, 
except for memory contents are cleared. 


: Two-Variable Data Designation Key 
STAT mode: 

Used to distinguish between data x and 
data y in two-variable statistical 
calculations. 


: Enter Data Key 

STAT mode: 

Used to enter data in single- or two-variable 
statistical calculations. 


: Correct Data Key 

STAT mode: 

Used to correct an error in statistical data 
entry. 


Statistical Calculation Keys 

STAT Mode: 

: Used to obtain the number of samples 
(data) entered in single- or two-variable 
statistical calculations. 


: Used to obtain the sum of data x entered in 
single- or two-variable statistical 


calculations. 


: Used to obtain the sum of data y entered in 
two-variable statistical calculations. 
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2ndF} | Say 


ra 


2ndF 


andr] [= | 


andF] [9 | 


2ndF 


2ndF 


2ndF] [ Sy | 


: Used to obtain the sum of the products of 
data xand y in two-variable statistical 
calculations. 


: Used to obtain the sum of the squares of 
each data x entered in single- or 
two-variable statistical calculations. 


: Used to obtain the sum of the squares of 
each data y entered in two-variable 
statistical calculations. 


: Used to obtain the mean value of data x 
entered in single- or two-variable statistical 
calculations. 


: Used to obtain the mean value of data y 
entered in two-variable statistical 
calculations. 


: Used to obtain the standard deviation (ox) 
of the population of data x entered in single- 
or two-variable statistical calculations. 


: Used to obtain the standard deviation (oy) 
of the population data y entered in 
two-variable statistical calculations. 


: Used to obtain the standard deviation (Sx) 
of the sample of data x entered in single- or 
two-variable statistical calculations. 


: Used to obtain the standard deviation (Sy) 


of the sample of data y entered in 
two-variable statistical calculations. 
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2ndF] (a) 


endF| [_(b) 


[2ndF] [(r) 


2ndF} [TITLE 


2ndF 


: Used to obtain the estimated value of x. (In 
linear regression equation y = a + bx, the 
value of xis estimated from that of y.) 


: Used to obtain the estimated value of y. (In 
linear regression equation y = a + bx, the 
value of y is estimated from that of x.) 


: Used to obtain the constant a of linear 
regression equation y = a + bx. 


: Used to obtain the coefficient b of linear 
regression equation y = a + bx. 


: Used to obtain the correlation coefficient 
between two variables (or data) xand y. 


Program Title Search Keys 


: Used to search program titles in the 
ascending order of title numbers. While this 
key is being pressed and held, program 
titles are searched in quick succession. 


: Used to search program titles in the 
descending order of title numbers. 


Program Scroll Keys 

AER mode: 

: Used to scroll a stored program one line 
after another in the forward direction. While 
this key is being pressed and held, program 
lines are scrolled in quick succession. 


: Used to scroll a stored programs one line 
after another in the reverse direction. 
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(2ndF] [= 


2ndF 


: Enter Key 

AER mode: 

Used to store a program (algebraic 
expression) in memory. 


: End Command Key 

AER mode: 

Used to terminate program execution. 
(These keys are used as the Endcommand 
of an algebraic expression.) 


Looping Keys 

AER mode: 

: Used to specify the destination of ajump 
caused by the “ “4 ” command. 


: Used to cause program execution to jump 
tothe point where the“ _, ” command 
is located. 


Compare Keys 

AER mode: 

: Used to determine if the magnitude of the 
left side of an expression is greater than 
that of its right side. 


: Used to determine if the magnitude of the 
left side of an expression is equal to or 
greater than that of its right side. 


: Used to determine if the left side of an 
expression is not equal to its right side. 


: Subroutine Key 


AER mode: 
Used for writing a subroutine. 
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2ndF 


Conditional Jump Destination keys 

AER mode: 

:Used to specify the destination of ajump if 
the result of conditional expression 
judgmentis “Yes”. 


: Used to specify the destination of ajump 
required if the result of conditional 
expression judgmends is “No”. 


: Space Key 

AER mode: 

Used to enter spaces (._.) which are used to 
separate two or more expressions or 
formulas in a program to be stored. 


:Comma Key 

AER mode: 

Used to enter commas (,) which are used to 
separate two or more expressions or 
formulas in a program to be stored. 


: Variable Designation Key 

AER mode: 

Used to designate store memories (A~ Z) 

as the variables of an expression or 

formula. For example, when you press 
fO=| CA] [B] [f=] , expression 

f(AB) = is entered and store memories A 

and B are designated as variables. 


: Variable Character Input Mode Key 
AER Mode: 

Used to set the VAR mode when you wish 
to enter any of characters for variables for 
programming. The indicator 
appears in the display while the calculator 
is inthe VAR mode. 
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: Alpha key 
VAR mode: 
Used to enter Greek letter “a” as avariable. 


: Beta Key 
VAR mode: 
Used to enter Greek letter “6” as avariable. 


:Gamma Key 
VAR mode: 
Used to enter Greek letter “y” as a variable. 


: Theta Key 


VAR mode: 
Used to enter Greek letter “8” as a variable. 
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Appendix B 
Accuracy of Calculation 


e Entries, and four basic arithmetic operation, 1st, 2nd 
operands, and calculation results: 
+1x10°°% to +9.999999999 x 10°? and 0 


NOTE: 

When the absolute value of anumeric entry or the result of 
acalculation is less than 1 x 10°°°, this calculator regards 
the value as 0 (zero) for calculation or display. 


@ Scientific and special functions: 


Functions | Dynamic range 
SIN x DEG: Ix 1 <1x*10" 
| . ars ‘ 
COS x | RAD: x 780 * 10' 
‘ 10. 4p 
TAN x GRAD: x <g%x10 


| With TAN X, however, an error occurs in the 


following cases: 
| DEG: x | =90(2n—1) | 
RAD: |x| =$(2n—1) | 
GRAD: | x | =100(2n—1) (n= integer) | 
SIN! x —1Sxs1 
cos"! x 
TAN-' x Ix1<1x10" 
LN x 
1X 10-8%<x< 1101 
LOG x 
e ~1 x 10'< x< 230.2585093 
ioe —1x10'%<x< 100 
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Functions 


Dynamic range 


ey>0d 
—1x10' < x LOGy < 100 
ey=0 
y* 0<x<10' 
ey<0 
—1x10'%<x LOG | y | <100 
where x: integer or + :odd number(x-0) 
ey>0 
—1x10%< 4106 y<100 — (x+0) 
ey=-0 
vy O< x< 10" 
ey<0 
—1x10""<4 106 | y| <100 
where x: odd number or + : integer(x +0) 
Vx Ix 1<1x10" 
SINH x 
COSH x — 227.9559243< x< 230.2585093 
TANH x 
SINH"'x Ixl<1x10% 
COSH-'x 1Sx< 1x10 
TANH" x Ixl<1 
vx OSx<1x10 
x? Ix1<1x10" 
xX! Ix1<1x10' (x0) 
n! 0<n<69 (n: integer) 
ay O<y=x<69_ (x,y: integer) 
xPy 
Ix1<1x10" , lyl<1x10% 
—POL x?+y?< 1x10" 
|X| <1x10 
o<y < 1x10' 
—REC 


Same range as trigonometric functions apply to the 
angle 
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Functions 


Dynamic range 


—DEG 
Ix1<1x10' 
—D.MS 
Conversions Converted result: 

—DEC DEC: |x| <9999999999 

—BIN BIN : ©1000000000000000 <x<1111111111111111 
16 digits 
@OS5xS0111111111111111 

OCT OCT :@ 4000000000 x< 7777777777 
@0<5x<3777777777 

—HEX HEX :e FDABF41C01<x<FFFFFFFFFF 
©0=x<2540BE3FF 


Binary/octal/ 
hexadecimal number 
calculations 


NOT 


ee | 


BIN : e 1000000000000000 
SxS1111111111111111 
e@OSxS0111111111111111 

OCT :e 4000000000 
SxS7777777777 
©0<x<3777777777 

HEX: e FDABF41C01 


<x<FFFFFFFFFF 
© 0<x<2540BE3FE 


NEG 


OCT :e 4000000001 


HEX: e FDABF41C01 


BIN : e 1000000000000001 
SxS1111111111111111 
@O<x50111111111111111 


S=xS7777777777 
©0<x33777777777 


SxS FFFFFFFFFF 
© 0<x<2540BE3FF 


Other binary/octal 
hexadecimal 


number calculations 


sions 


The ranges for entries and calculation results 


in each mode are the same as the above conver- 
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Functions 


Dynamic range 


DATA 
cD 


Ix 1<1x10" 
ly!<1x10" 
| =x 1<1x10'" 
=x*< 1x 10'" 
| Sy1<1x10” 
Sy*<1x10” 
| Sxy | <<1x10'" 
In! <1x10'" 


x! 


n+0 


Sx 


n+0,1 


| =x 1<1x10% 


=x?—(Ex)7/n 
eee eS 


<A <1 x10 


Ox 


n+0 


1 Sx | <1x10% 


x28 Exe 1 x10 


Same as x, Sx, ox 


n+0 


| =x1<1x10" 
| Sy1<1x10% 


0< (3x2 EXP) sy: EW) < 4 x 101m 


| Sxy—222¥_| SUK 


<1x10'" 
Iisy¢_ 2 ysy2_ Ey) 
(sx EXP yxye Sy 


y 

Sy 

oy 
Statistical 
calculation 

r 

b 


n+0 


| =x 1<1x10% 
| (Sx)(Zy) | <1 x10" 


2 
o< 1 sx 22 11x10 


| Sxy—242¥ |<1x10 
=xZy 
zxy— TH | <1 x10 


sx 2x 
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— 


Functions Dynamic range 


Same as b, except the following : 
a | bx | <1x10'" 
| y—bx | <1x10™ 


| bx | <<1x10'" 
|a+bx | <1x10'" 


-a| <1x10'" 
Y=ai| Y 100 
b 1x10 


NOTE: 

In the above calculation range, the calculation results or 
intermediate results are treated or displayed as 0 (zero) 
when their absolute values are less than 1 x 10°. 


@ Asarule, the error of functional calculations is less than 
+1 atthe lowest digit of a displayed numerical value (at the 
lowest digit of mantissa in the case of scientific notation 
system) within the above calculation range. Inthe 
calculation of SINH x and TANH x, xis asingular point 
when itis 0 (zero). Near this point the error is accumulated, 
reducing the accuracy. 


122 


Appendix C 
How to Check Remaining Bytes 


How To Check Remaining Bytes 

To confirm the number of bytes (for example, 1427 bytes) 
remaining inmemory, press the [2ndF] and [M.CK] keys. 
Keep pressing the key following [2ndF] , andthe 
display will show the number of bytes left in the memory as 
follows. 


1427 BYTES LEFT 


When you store a number of programs (algebraic 
expressions) in memory, write a program into memory 
while confirming the remaining bytes from time to time 
through this operation. Bytes are the number of bits thata 
computer or programmable calculator processes as a unit. 
With the EL-5150, one byte corresponds to one program 
step. 


How To Count Number of Program Steps 

Aprogram titled “PYTHAGORAS’” and stored in memory in 
the programming example on page 69 is used here as an 
example of counting the number of steps. 

@ Title 


1 2 3 4 5 6 7% 8 9 


MTIT:TPIYITIHIATGIOTRIATS] 


14... 160 + Number of steps 


12 13 


Because a title is stored in memory as shown in the above 
example, amemory space of 14 steps is required in this 
case. The total number of steps for a title consists of the 
number of title characters plus 4 steps. 
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@ Main routine and subroutine 


1 2 3 44 5 6 7 8 9 10 1100-12013 
MIifCLAIB I=L LClLAl?il+/B 1x2) 
1g, “aoe ee eg 60 + Number of steps 


The total number of steps for entry of a main routine or 
subroutine consists of the number of steps entered plus 2 
steps. 


NOTE: 

1. and keys are not included in the 160 
steps permitted for a program entry, but these key 
entries require one byte of memory. 

2. If variable characters are used for an algebraic 
expression, the calculator counts the total number of 
steps by adding the number of characters used as 
variables and 11 steps per variable to the number of 
steps entered. 

3. Ifmessage “ERROR 4” appears in the display while 
writing an algebraic expression in memory, press the 

key to clear the error condition. Press the 
and keys to check the remaining bytes and then 
either delete the excessive portion of the program 
contents previously stored in memory or enter the 
contents of the expression being programmed so as not 
to exeed the remaining bytes. 
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Appendix D 
Error Conditions & Messages 


Error Conditions 


If you attempt to execute an operation exceeding the 
calculation range of the calculator or any illegal operation, 
the unit will detect such operation as an error condition and 
indicate the pertinent error code or message, prohibiting 
you from subsequent operations. To clear the error 
condition, press the key (or the key). 


@ If an error occurs, press the key and the location 
of the error will be indicated by a blinking cursor. 


1 fe) 0 GE) Ss Le] 
ERROR 2 
[i+045= | 
Error Messages 
Code Description of Error 
ERROR1- — Syntaxerror(e.g.,3 2) 
ERROR2- — Operational error: 


e Result of an operation or the value ofa 
pending operation exceeds the 
calculation range of the calculator. (See 
APPENDIX B for the calculation range.) 

@ Division by zero was attempted. 

e@ Numeric entry exceeds the input range of 
the function in a scientific calculation. 

e Statistical data for single-variable 
operation coexists with that for 
two-variable operation in the STAT mode. 
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ERROR3- — 
e 
° 
° 
° 
ERROR4- —- 


Illegal operation was attempted (e.g.,/-1) 
or ascientific calculation was attempted in 
the BIN, OCT, or HEX mode. 


Nesting error: 

Data or function exceeds the capacity of 
8-stage data buffers or 16-stage function 
buffers. 

More than 15 loops are used in the 
looping feature. 

Attempt was made to jump from one 
subroutine to another. 

Attempt was made to display the calcula- 
tion result of an expression more than 
1,000 times. 

Memory error/overflow: 

Program (or expression) exceeds the 
memory capacity. 

An error related to memory exists. 


e If anerroris found in a program (or expression) stored in 
the AER mode and executed with the key inthe 
COMP mode, main(“M:”) or subroutine (e.g.,“ J”) 
indicator where the error has occurred will appear in the 
display, followed by the pertinent error code. 


Example: 


M: ERROR 1 | 


L Indicates that the error exists in a main routine. 


To review the erroneous program line, press the 
key. The program line with a blinking cursor showing the 
location of the error will appear in the display when you 
keep pressing the key. 
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Appendix E 
Priority Levels In Calculation & 
Pending Operations 


Priority Levels 

The EL-5150 is provided with a function that judges the 
priority levels of individual calculations. Normally, the unit 
permits you to perform the key operation of agiven 
algebraic formula as written. The following shows the 
priority levels of individual calculations. 


(1) (-) 
(2) x, recall of memory contents, recall of answer memory 


(3) Single-term function preceded by anumber 
(Example: x?, x', n!, >DEG, >D.MS) 


(4) Two-term function preceded and followed by anumber 
(Example:nCr,nPr, Y*, 4, >POL, -REC) 


(5) Multiplication where “x” command located just before 
a store memory or before a single-term function 
followed by anumber has been omitted from entry. 
(Example: 2x, 4A) 


(6) Single-term function followed by anumber 
(Example: J~ ,e*,10*%,*/—_ ,LN, LOG, SIN, 
COS, TAN, SIN’, COS"', TAN, SINH, COSH, TANH, 
SINH™', COSH™ , TANH™', ABS, INT, FRAC, NEG, 
NOT) 


) 

) 

0) OR, XOR, XNOR 

1) =,M+,M-— (2ndF M+), -=M, STOA ~ STOZ,—BIN, 
—OCT,-—HEX, DEC, (space), » (comma), DATA, 
CD, (x,y),x.y, >, >=, 4 ,6,49, -Y>[], -NO[], &, 
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e Parenthesized calculations have precedence to any 
other calculations. 


@ Provided that functions shown in item (6) above are 
successively designated in an algebraic expression, 
calculations are performed from the right to the left. 


Ex. evLN/ 120—>e*{LN( /- 120)} 


@ The other functions are calculated from the left to the 
right. 


Ex. A*J BY'CY'D>{(A VY B)Y*C}Y*D 
Order of calculations in a typical example: 


Ex. 5+2xSIN30+ 24x59 = 


§L+ ]2C<] [sw] 30+ 24157132] 


ee 
® 
: ; ! i i 
H oO eo 
1 2) ' ® 
® 5) 
— ee —__—_/ 
© 
Pending Operations 


When the calculator performs calculations according to the 
established priority levels or performs a parenthesized 
calculation before any other calculations, the unit must 
suspend or set aside the calculation commands and 
numbers (or values) that cannot be processed 
immediately. For this reason, the calculator is provided with 
amemory area for pending operations, consisting ofa 
16-stage function buffer and a 8-stage data buffer. In other 
words, amaximum of 16 calculation commands anda 
maximum of 8 numbers can be stored in the memory area. 
Note that an error condition occurs if this memory capacity 
is exceeded by these pending operations. 
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Example 1 
Calculation with 8 pending numbers 


14+2x(8-4+(7+57/ (7x6Y'3= 


D® © © © © ® © 


14-5+4xSIN2AY‘(2+3+LOG3B VY 48= 


® @ o® © © ®® 

When the calculator 
reaches the next Add “+” Store memory such as Aor 
command, it executes Bis regarded as anumber 
14—5 and holds the and is temporarily held in 
calculation result of 9 inthe the data buffer. 
data buffer. 

Example 2: 


Calculation with 16 calculation commands including 
parentheses 


((2+12+4x3Y4(((83+2—4/ LOGY 4A? 
@So © £4G6O8 DOS G6 Go 


= 


When the calculator When the calculator “x” command was 
reaches “x” reaches the “—” omitted from entry 
Command, it executes command, it executes (4x v7; 4xA?) but the 
division 12 + 4, with addition 3+ 2, with the calculator assumes the 
the result of 3 x. result of 5—. presence of the “x” 


command when 
executing the 
multiplication. 
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Appendix F 
Battery Replacement 


The EL-5150 uses two lithium batteries as its main DC 
power supply. The calculator also uses another lithium 
battery for memory backup. 


@ When replacing either of the two types of batteries, be 
sure to set the Model Selector switch of the calculator to the 
OFF position. 

@ Donot replace the batteries for main DC power and 
memory backup at the same time, or the memory contents 
of the calculator may be lost. 


When to Replace Batteries for Main DC Power Supply 
The Contrast knob is located on the right side of the 
calculator as viewed from its front. Turn the knob 
counterclockwise for a higher contrast. If the indicators and 
numbers in the display (LCD) appear to be dim, itis the 
signs of the low battery voltage, meaning that the batteries 
are nearing the end of their life. Replace the batteries as 
quickly as possible. Note that use of the calculator with the 
exhausted batteries may result in loss of the memory 
contents. 


How to Replace Batteries for Main DC Power Supply 
(1) Slide the Mode Selector switch to the OFF position to 
turn off the power. 


(2) Remove the two set screws with a phillips screwdriver 
from the rear of the calculator and detach the rear 
cover. 


Phillips screw driver 


Set screws 
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(3) Slide the Battery ON/OFF switch to the OFF position. 


Battery ON/OFF switch 


Fig. 2 


(4) Push the stopper to slide the battery keep plate in the 
direction of the arrow and remove the keep plate. 


Stopper 


Battery keep plate 


(5) Remove the two old batteries from the battery 
compartment and replace them with two new ones 
(CR-2032 lithium batteries) with attention paid to the 
polarity as shown in Fig. 4. Before inserting the two new 


batteries, wipe them clean with a dry cloth. When replacing 


the main DC power supply, do not unload the memory 
backup battery. 


Plus side up @) 


Minus side up 
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(6) Put the battery keep plate back to its original position, 
push the Reset switch, and then slide the battery ON/OFF 
switch to the ON position. 


Battery ON/OFF switch 
Battery keep plate 


Reset switch 


(7) Hooks the four claws (or projections) of the rear cover 
into the corresponding slots at the side of the calculator 
and secure the rear cover to the unit with the two 
setscrews while gently holding down the rear cover. 


(8) Slide the Mode Selector Switch to the COMP position 
and push the Reset switch again to confirm that “$." is 
appearing in the display. If not, unload the batteries 
and repeat the battery replacement procedure from the 
beginning. 
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Life of Memory Backup Battery 


The memory backup battery will protect the calculator’s 
memory contents for about 5 years at aroom temperature 
of 20°C. The date (year and month) of battery loading is 
indicated on the label attached to the rear of the calculator 
at the time of its shipment. Refer to this date for determining 
the appropriate time of battery replacement. 


850901 


ie 


month 
control number 


NOTE: 

The service life of the battery is governed by its operating 
environments and may be shortened from use at extremely 
high or low temperatures. In the worst case, this may result 
in loss of data or destruction of the memory contents. 


How to Replace Memory Backup Battery 


Before replacing the backup battery, make sure that the 
batteries for the main DC power supply have not become 
exhausted. If exhausted, replace the main batteries first 
and then the backup battery, or the memory contents of the 
calculator may be lost. 


(1) Slide the Mode Selector switch to the OFF position. 


(2) Remove the two setscrews from the rear of the 
calculator and detach the rear cover as shown in Fig. 1. 
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(3) Unscrew the battery keep plate with a phillips 


screwdriver and remove it. 


Philips screw driver 


[oe | 
[—} 
( ) 


0 


Setscrew for Battery 
keep plate KZ» = © 
Fig.7 


(4) Remove the old battery and replace it with anew one 


(CR-2032 lithium battery) with attention paid to the 
polarity as shown in Fig. 8. Before inserting the new 
battery, wipe it clean with a dry cloth. 


Plus side up 


Fig. 8 


(5) Secure the battery keep plate with the setscrew. 


(6) Secure the rear cover to the unit as shown in Fig. 6. 


Hints on Use of Batteries 


1. 


When replacing the two main batteries, be sure to 
replace both batteries at the same time. 

Avoid replacing the main batteries with one fresh and 
one used batteries combined. 

Use the lithium batteries of the same type for 
replacement. 

Insert the replacement batteries with attention paid to 
the polarity as indicated in the battery compartment 
(i.e., plus side up and minus side up). 
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5. Replace the memory backup battery every 5 years. 


Cautions 

e Keep the batteries out of reach of children. 

e Dispose of old batteries safely. The batteries may 
explode if placed in a fire. 

© The original batteries were installed upon shipment from 
the factory, so the battery life may be somewhat less than 
the normal 420 hours operating time. 

e@ Remove the batteries when they become exhausted or if 
they are to be stored indefinitely. The batteries may leak 
and cause damage. 


Date of Battery Replacement Label 
Alabel is attached to the inside of the plastic cover to enter 
the date of battery replacement. Be sure to enter the initial 
date of replacement so that it may be used as a guide in 
determining the appropriate time of subsequent 
replacement. 
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Appendix G 


Specifications 
Model: EL-5150 
Number of internal Mantissa: 12 digits; 
calculation digits: Exponent: 2 digits 
Calculation system: As per algebraic 


expression (with priority 
judging function) 

Memory: 26 memories A-Z (one 
independent accessible 
memory or store memory 
and 25 store memories) 

Display type: Dot matrix liquid crystal 
display (24 digits, 5x7 dots) 


Display capacity/mode: Mantissa: 10 digits; 
Exponents: 2 digits 
Automatic changeover 
between the floating 
decimal point display 
system and any of the 
following display systems: 
Fixed decimal point system 
(FIX) 

Scientific notation (SCI) 
Engineering notation 
(ENG) 

Calculations: Four basic arithmetic 
operations, trigonometric 
and inverse trigonometric 
functions, hyperbolic and 
inverse hyperbolic 
functions, conversion of 
angles, reciprocals, square 
root and cubic root, square 
and power, logarithmic and 
exponential functions, Xth 
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Memory check function: 


AER functions: 


General calculation capacity: 


Algebraic expression 
reserve capacity: 
Display control function: 


Components: 
Power supply: 


Power consumption: 
Operating time: 


root of Y (*/y ), factorial, 
permutations, 
combinations, conversions 
of coordinates, memory 
calculations, statistical 
calculations, 
binary/octal/hexadecimal 
number calculations, 
logical operations, absolute 
value, integer/fraction part, 
modify, answer memory, 
etc. 

Remaining bytes is 
displayed 

Variable designation, 
expression separation, end 
of command, conditional 
judgement, looping, 
subroutine, title search, 
etc. 

160 steps 


1,454 steps 


Cursor step-up, cursor 
step-down, insertion, 
deletion, and playback 
LSI, etc. 

6V=.(DC) main: Lithium 
battery (CR2032) x2 
3V-~.(DC) backup: Lithium 
battery (CR2032) x 1 
0.015W 

Approx. 420 hours 
continuous (at 20°C with 
10-minute operation/hour, 
50-minute display) 
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Memory backup: Approx. 5 years 


Operating temperature: 0° to 40°C (32° to 104°F) 

Dimensions: 6—21/32" (W) x2—13/16" 
(D) x 7/16" (H) 

Weight: 0.29 Ib (including batteries) 

Accessories: Plastic cover, 3 built-in 


lithium batteries and 
Operation Manual 
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Appendix H 


Scientific & Calculator 


Functions 
Scientific Functions 
Trigonometric sin, cos, tan 3 
sin-',cos ',tan™' 3 
Logarithmic e*, 10%, In, log 4 
Power, Power Root ot 2 
Algebraic oe a: Cer 4 
Angle Mode DEG, RAD, GRAD 3 
Angular Unit Conversion —D.MS, DEG 2 
Coordinate Conversion —REC,-—POL 2 
Hyperbolic sinh, cosh, tanh 3 
sinh” ',cosh~', tanh~' 3 
Number System 
Conversion —HEX, OCT, BIN, 12 
—DEC 
Calculation (HEX, OCT, HEX, OCT, BIN, NEG 4 
BIN) 
Logical Operations NOT, AND, OR, XOR, 5 
XNOR 
Statistical 
Basic Statistics n, 2x, 2x?, X, ox, Sx 6 
CD, multiple data points 2 
=xy, Ly, Ly’, V, oy, Sy, 6 
Regression r,a,b 3 
Prediction x,y’ 2 
Modifying MDF 1 
Factorial n! 1 
Permutations, nPr,nCr 2 
Combinations 
Abs. Value, Integer, ABS, INT, FRAC 3 
Fraction 
Parentheses (Open/Close), (_ ) 3 
Pending Operations 
Display FIX, SCl, ENG, TAB 4 
Data Entry x, Exp 2 
Total 85 
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Calculator Functions 


Clear, Edit 
Arithmetic 
Memory 


Negative Number Entry 
Last Answer Recall 


Programming Functions 


Variable Entry 

Formula Separation 

Conditional Expression 
Judging 

Branching 

Looping 

Addressing 

Title Search 

Program Scrolling 


Subroutines 
Compute 


145 Functions 


85 Scientific 
42 Calculator 
18 Programming 


C,CA, <, >, INS, DEL, PB 
Fy Ke 

==M, RM, M+, 
2ndF M+ (M—) 
A,B,C...L,N...Z 

(—) 

ANS 


f( )=,VAR 
»,W,m& 


S>=.= 


-Y—[], —N-I[] 
Bs» 

(99 Addresses/Titles) 

TITLE, 2ndF TITLE 
arts 

SUB: 

COMP 
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Introduction 


The EL-5150 Scientific Calculator is an extremely valuable 


tool for mathematical analyses. It features a complete 


display of the expression being evaluated, plus the ability to 


edit before or after calculation. Checking is quick and 
accurate, because almost all expressions are in 
conventional mathematical forms. 


The versatility of the EL-5150 is illustrated in this book with 
examples drawn from a wide variety of disciplines. The 
unusual capabilities of the EL-5150 used throughout the 
book are: 


. Parentheses do not have to be opened if they occur at 
the beginning of an expression. Closing of parentheses 
at the end of an expression is also not required. 


. Alarge number of variables including 26 capital letters, 
26 lower-case letters, 10 small digits (0 to 9), and 4 
Greek letters. Combinations may be made of all these 
characters. Because of these capabilities, variables 
closely approximating those used in the actual 
disciplines are possible. 


. Conditionals and looping can be used with a minimum 
of programming. 


. The ability to store up to 99 equations and to quickly 
search for the program required by the use of the TITLE 
key. 


. The use of up to 10 subroutines within a program to 
either shorten the main program or to provide for 
different solutions to the same program. 


6. Storing data in the STAT mode for use in the COMP 
mode. 


The reader should work through all the keyboard solutions 
in the book even if the subject matter does not apply to the 
reader’s particular interests. The techniques used in one 
field may also apply to other fields. 


NOTICE 


The material contained herein is supplied without 
representation or warranty of any kind. Sharp 
Electronics Corporation therefore assumes no re- 
sponsibility and shall have no liability, consequential 
or otherwise, of any kind arising from the use of this 
material. 


Mathematics 


Feet-Inches Conversion 


Adding or subtracting dimensions given as feet and inches 
can be difficult and confusing. In many applications itis 
necessary to convert dimensions given in feet and inches 
to decimal equivalents. 


Program Notes: 

All dimensions given in inches are converted to their 
decimal equivalents in feet. A variable can be added toa 
stored value in the next operation without repeating the 
stored value. 


(1) Programming 


MODE: AER 

Display Key in 

TITLE ? FRAC ENT 

M: f()= F I f()= 2ndF 1.. INT A, 
FRAC Ax12 SUB: 

B: F+1l+12STOB+ASTOA 
ENT 


(2) Program execution 
Add: 3'2 1/2"’ and 2’ 11 1/4’ Subtract: 2’ 11 7/8”’ 


MODE: COMP FSE (for FIX) TAB2 

Display Key in Notes 
0 STO A COMP 
FRAC TITLE COMP Title 


(Addition) search 
F=? 3 COMP 
|=? 2+ 1+ 2 COMP 


ANS 1 = 3.00 COMP 
ANS 2 = 2.50 COMP 


F=? 2 COMP 


l=? 11+ 1+ 4 COMP 
ANS 1 = 6.00 COMP 
ANS 2 = 1.75 COMP 

Answer: 6’ 1 3/4” 
(Subtraction) 
F=? (—) 2 COMP 
|=? (-—) 11 -— 7 + 8 COMP 
ANS 1 = 3.00 COMP 
ANS 2 = 1.88 


Answer: 3’ 1 7/8” 


Triangle Solutions 

Solutions for all types of triangle problems can be 
developed using the law of sines and the law of cosines. 
These laws are ratios based on the trigonometric functions. 
The sides of a triangle are proportional to the sines of the 
angles they subtend and this fact is the basis of the law of 
sines. 


Law of Cosines: a?=b?+-c?— 2bc CosA 


one b & 
Law of Sines: sing = SinB ~ SinC 


Figure 1 


Program Notes: 

The two types of triangle problems solvable by the law of 
cosines can be combined into a single program. The 
program first tests to see if the values of all three sides are 
given. If only two sides are given, the conditional statement 
jumps to the solUtion for the third side. 

By using “VAR” values, the need for f()= is eliminated. 


(1) Programming 
MODE: AER 
Display 

TITLE ? 

M: 


Key in 

COSINES ENT 

2ndF 1 D > 0 —Y->[] 2ndF 2, 
2ndF 3, 2ndF 4 —Y[] —N-[] 
2ndF 5, 2ndF 3, 2ndF 4, m —N-[] 
SUB: 

VAR axbxc STO VAR D SUB: 
VAR COS" ((c? + b? — a?) + 
(VAR2 VAR cxb SUB: 

VAR COS" ((c? + a? — b?) + 
(VAR 2 VAR axc SUB: 

VAR COS" ((a? + b* — c?) + 
(VAR 2 VAR axb SUB: 

VAR a =f (b* + c? — VAR2 
VAR bxcxCOS 86 ENT 


(2) Program execution 


Ayacht sails out to sea for 20 miles at the beginning of the 
day. On the return trip a strong current pushes the yacht 10° 
off course. After sailing for 19 miles on the return trip, how 
faris the yacht from its starting point? 


MODE: COMP FSE (for FIX) TAB2 DRG(for DEG) 


Display 


Il 
Oo wD 


9 Doo T 
1 ll 
~~ 


= 3.54 
ANS 2 = 68.67 
ANS 3 = 101.33 


Key in Notes 

CA 

COS TITLE COMP 

0 COMP 

19 COMP 

20 COMP 

10 COMP 

COMP Distance 

COMP Second 
angle 
Third angle 


A triangle measures 500 x 600 x 400, what are its angles? 


Display Key in 

CA COMP 
a=? 500 COMP 
b=? 600 COMP 
c=? 400 COMP 
ANS 1 = 55.77. COMP 
ANS 2 = 82.82 COMP 
ANS 3 = 41.41 


Proof: 41.41 + 82.82 + 55.77 = 
Answer: 180.00 


The Law of Sines is used to solve triangle problems where 
one side and two angles is given or two sides and an angle 
opposite these sides is given. 


(1) Programming 


MODE: AER 

Display Key in 

TITLE ? S |N E ENT 

M: 2ndF 1 D > 0 —Y->[] 2ndF 2, 
2ndF 3, 2ndF 4 — Y-I[] 
—N-[] 2ndF 5, 2ndF 3, 
2ndF 4, m —N—[] SUB: 

B: VAR axb STO VAR D SUB: 

B: VAR B = SIN' (bxSIN 6 + a 
SUB: 

35 180-VAR 6 — B STO VAR C 
SUB: 

@: VAR c = SIN VARCx(VAR a + 
SIN 8 SUB: 

B: VAR b = a = SIN 6)x SINB 
ENT 


(2) Program execution 
Atriangle has a 10-foot side and two of the angles are 30° 
and 50°. What are the values of the other two sides and 


angle? 


MODE: COMP FSE (for FIX) TAB 2 DRG (for DEG) 


Display Key in 

CA 

S TITLE COMP 
a=? 10 COMP 
b=? 0 COMP 
8=? 30 COMP 
B=? 50 COMP 
b = 15.32 COMP 
ANS 2 = 100.00 COMP 
c = 19.70 


Two sides of a triangle are 20 and 30 feet and the adjacent 
angle is 30°. Solve for the third side and the other two 
angles. 


Display Key in 
COMP 
a=? 20 COMP 
b=? 30 COMP 
8= ? 30 COMP 
B = 48.59 COMP 
ANS 2 = 101.41 COMP 
c = 39.21 


Moving Averages 


Amoving average takes the average of a window of data 
points. The “window” is a fixed number of points, so that as 
you move down alist, each new data point effectively 
pushes a data point out the other end. Moving averages are 
used in many types of business and economic studies to 
eliminate unusual single data points which would tend to 
obscure the overall trend. This program calculates a 3-item 
moving average. 


Program Notes: 

The answer for each period appears at the end of the 
statement. To create moving averages greater than 3, 
increase the variables in the opening equation, increase 
the divisor and add additional transferring of values 
statements. 

A 4-item moving average would read: 

f(A) =A+B+C+D)+3STOZCSTOD 
BSTOCASTOB 


(1) Programming 


MODE: AER 

Display Key in 

TITLE ? MOVE-AV R COMP 

M: f)= A f)= A+ B+ C) +3 STO 


ZBSTOCA STO Bv.. Z ENT 


(2) Program execution 
Obtain a moving average for the following sequence: 
5, 10, 15, 5, 20, 30, 10 


MODE: COMP FSE (for FIX) TAB2 
Display Key in 
5 STO C 10 STO B 
M O V TITLE COMP 


A=? 15 COMP 
ANS 1 = 10.00 COMP 
A=? 5 COMP 
ANS 1 = 10.00 COMP 
A=? 20 COMP 
ANS 1 = 13.33 COMP 
A=? 30 COMP 
ANS 1 = 18.33 COMP 
A=? 10 COMP 


> 
Zz 
n 
ll 


20.00 
Quadratic Equations 


The quadratic formula is used to solve quadratic equations 
when the roots cannot be factored. The equation is putin 
the form: 


ax? + bx +c =0 


The solution of the roots takes the form: 


_—bt+v7b*’—4ac 


, 2a 


The portion of the root equation under the square root sign, 
b*— 4 ac, is called the discriminant. When the discriminant 
is positive, there are two real roots. A zero value for the 
discriminant results in a single real root and anegative 
discriminant produces roots which are complex numbers. 


Acomplex number is shown as a +bi, where i = —1. To 
solve for anegative discriminant, separate into b andiand 
solve using a positive square root. 


Example: x? + 2x + 3=0(a=1,b=2,c=3) 
Key in: 2? — 4x3 = Answer: —8 
Convert /—-8 =/—4 x2 =2i/2 


_—24+2i/2 | a. 
Ka We 


(1) Programming 


MODE: AER 

Display Key in 

TITLE ? QUAD ENT 

M: 2ndF 1 D > 0 — Y->[] 2ndF 2 
—Y->[] —N3[] 2ndF 3, m—N-[] SUB: 

i: VAR b*—VAR 4 VAR axc STO 
VAR D SUB: 

A: VARX; = (-)b + VAR J. D 
) + 2 VAR a, Xo = (-) b— 
VARJ~ D) + 2 VAR a SUB: 

Bi: VAR a = (-) b + VAR 2 VAR a, 
B = VARS (-)D +2 VARa 
ENT 


(2) Program execution 


Solve the following equations: 
a) 2x? + 8x — 10 

b) x? — .2x + .004 

c) 20 x? + 9x + 3897 
d)x?+x+1 


MODE: COMP FSE (until FIX, SCI, ENG all disappear) 
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Display 


© 
ll 


c= 


~~ 


x1 = 0.177459667 
x2 = 0.022540333 


RBRaANT 
ll 


? 

? 

? 

—0.225 
13.95705467 


ie 

? 

2 

—0.5 
0.866025404 


Polynomials 


The formula: 
p(x) = aoX" + ayX™" tan 


Key in 

QU A D TITLE COMP 
8 COMP 

2 COMP 

(—) 10 COMP 

COMP 

COMP 

(—).2 COMP 

1 COMP 

.004 COMP 

COMP 

COMP 

9 COMP 

20 COMP 

3897 COMP 

COMP 

COMP 

Roots are: —0.225 +13.957 i 


1 COMP 
1 COMP 
1 COMP 
COMP 


Roots are: —0.5 +0.866 i 


defines the basic polynomial p of degree nor less. 


Program Notes: 
The answers, e.g., ANS 1, will correspond to the values of 
X. Xis initialized with 1 and increased by one by the last 
expression in the program: 
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(1) Programming 


MODE: AER 
Display 
TITLE ? 

M: 


Key in 

POL Y ENT 

AX Y* 4 + BX YX 3 + CX? + DX 
+ E STO ZN > X — YJ] Z, X 
+ 1 STO X 4 — Y=] ENT 


(2) Program execution 


For the polynomial, p, defined by: 


p (x) = 2x* — 8x? + 4x? — 2x +1, 


calculate p (X) for X = 1 to 10. 


MODE: COMP 
Display 

ANS 1 = -3 
ANS 2 = —-19 
ANS 3 = —23 
ANS 4 = 57 
ANS 5 = 341 
ANS 6 = 997 
ANS 7 = 2241 
ANS 8 = 4337 
ANS 9 = 7597 


ANS 10 = 12381 


Key in 

10 STO N 2 STO A (-)8 
STO B 

4 STO C (-)2 STO D1 STO 
E 1 STO X 

POL Y TITLE COMP 
COMP 

COMP 

COMP 

COMP 

COMP 

COMP 

COMP 

COMP 

COMP 
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Series 


Many functions cannot be keyed directly on the calculator. 
Approximations can be made with series. A series has an 
infinite number of terms. It is not possible to calculate every 
term ina particular series. The approximation improves 
with the number of terms included in the calculation. 


Cos x 


The cosines of an angle, given in radians, is equivalent toa 
series. 


COSx=1 


Program Note: 

The second and third terms of the equation are repeated 
indefinitely until the value obtained by the equation less 
the “actual” cosine of Xin radians is 0. The initial value 
of Bis 1. 


(1) Programming 1 

MODE: AER 

Display Key in 

TITLE ? COS-SERIES ENT 

M: B-(X Y* (2C) + (2C) n!) + (X Y”% 


(20 + 2) + (2C + 2) n!) STOBC 
4+2S$70 © B=60S %STO'K 
A + 0-Y>[] B, 4 -Y>[] -N>[] B, 
m —N>[] ENT 


(2) Program execution 1 
Solve for 1 and 10. 


MODE: COMP FSE (for FIX) TAB 9 DRG (for RAD) 
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Display Key in 
1STOX 1STOB1STOCOSTOA 
COS-SERIES TITLE COMP 
COMP COMP COMP 


Answers 3 and 4 are the same 0.540302306 
Internal digits cause the calculator to indicate that A = 0 is 
not reached until Answer 6. 

10STOX 1STOB 1STOC OSTOA 
Answers 11 and 12 are —0.839071533 


(3) Programming 2 


Find the value of the definite integral: 


7 


1 3 11 15 
eee _X xX 4 x 
\ SinvPay=%5 73) * 116) ~ 15(7) 


MODE: AER 

Display Key in 

TITLE? SIN-SERIES ENT 

M: E + X Y* B + (BxC nl) — X Y* 


(B + 4) = ((B + 4)x(C + 2)n!) 
STOE,C +4STOCB+8 

STO BB >1 -Y>[] 4 -Y>[] 
ENT 


(4) Program execution 2 


Solve for X = 1, .01, and .567. 


MODE: COMP 
Display Key in 
CA 
1 STO X3 STOB1STOCO 
STO E 
SIN-S TITLE 


COMP COMP COMP COMP 
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ANS 4 = 0.310268302 


The “ANS” number multiplied by 2 indicates the number of 
terms used to obtain a consistent answer. 


For X = .01 .01 STO X 
Ans 1 = .000000333 
For X = .567 .567 STO X 
Ans 2 = 0.060314322 


(5) Programming 3 
A definite integral commonly used in statistics: 


* ~y2 x? x? x! Terre errr rr 
\‘e Wdy=x—3+ Son 73) 


MODE: AER 

Display Key in 

TITLE? E —SERIES ENT 

M: Z -—(X Y* B + (BxC n!)) + X Y* 


(B + 2) + ((B + 2)x(C + 1) n!) 
STOZ+X,B+4STOBCH 
2STO'C OC =1 Wap asi 
ENT 


(6) Program execution 3 
Solve for X = 1 and2 


MODE: COMP 

Display Key in 
CA 
1 STOX 3 STOB1STOC 
0 STO Z 


E-SERIES TITLE 
COMP COMP COMP COMP 
COMP COMP COMP 


ANS 7 = 0.746824133 
ForX =2 
ANS 12: = 0.882081391 


Matrices 


A matrix is a rectangular array of numbers. The horizontal 
lists are called rows and the verticals, columns. A particular 
element in a matrix is identified by row and column 
numbers: 


A(Row#, Column#) 


A3X3 matrix is: 

aibict 
a2b2c2 
a3 b3 c3 
andits “determinate” is calculated as shown in the 
equation below. 


(1) Programming 1 

MODE: AER 

Display Key in 

TITLE? MATRIX ENT 

M: VAR a1xb2xc3 + a2xb3xcl + 


a3xb1 x c2 — alxb3xc2 — 
a3xb2xc1 — a2xb1 xc3 ENT 


(2) Program execution 1 
Solve for: 

123 
456 
789 


MODE: COMP FSE (for FIX) TAB 3 
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Display Key in 
MATRIX TITLE COMP 


al =? 1 COMP 
b2 = ? 5 COMP 
c3 = ? 9 COMP 
a2 = ? 4 COMP 
b3 = ? 8 COMP 
cl =? 3 COMP 
a3 = ? 7 COMP 
b1 = ? 2 COMP 
c2 = ? 6 COMP 


ANS 1 = 0.000 Change c3 to 10 
Answer: —3.000 


The inverse of a3 x3 matrix is defined as: 


al a4 a7 
Al= a2 a5 a8 
a3 a6 ad 


Program Note: 
The program exceeds the capacity of a single line. Three 
subroutine lines are used at the end. Add to the matrix 
equation above: 


(3) Programming 2 


MODE: AER 
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Display 


Key in 

STO D, VAR b2xc3 — b3xc2) + 
VAR D, VAR a3xc2 — a2xc3) + 
VAR D, VAR a2xb3 — a3 xb2) 
+ VAR D, VAR b3xc1 — b1xXc3) 
+ VAR D, VAR a1xc3 — a3xc1) 
+ VAR D, VAR a3xb1 — a1xb3) 
+ VAR D, 2ndF 1, 2ndF 2, 2ndF 3 
SUB: 

VAR b1xc2 — b2xc1) + VAR D 
SUB: 

VAR a2xc1 — a1xc2) + VAR D 
SUB: 

VAR a1xb2 — a2xb1) + VAR D 
ENT 


(4) Program execution 2 


Take the matrix: 


a b c 
3 14 #6 
3 -4 8 
3 24 17 


and determine the determinate and the inverse. 


MODE: COMP FSE (for FIX) TAB3 


Display 
al =? 
b2 = ? 
c3 = ? 
c2= ? 


Key in 
MATRIX TITLE COMP 
3 COMP 
(—) 4 COMP 
17 COMP 
: (Enter the rest of variables) 


8 COMP 


ANS 1 = —654.000 (determinate) 


18 


Continue pressing COMP to get the nine answers that 
make the inverse, which is: 


0.398 0.144 —0.208 
A’ = 0.041 —0.050 0.009 
—0.128 0.046 0.083 


Three-Variable Linear Equations 

The basic format of 3-variable linear equations is: 
ayx+byy +c,z=d, 
AX + bey + Coz = do 
€3xX + bgy + C3z = d3 


The values of x, y, and z take the forms: 


d, b, Cy 
do Do Co 
d3 bg C3 
ta, bel 
ao Do Co 
a3 b3 C3 


ay d, Cy 

a do Co 

a d3 C3 
a b G | 


a2 be Co 
a3 bg Cg 


d, —a;x —biy 
Cy 


Z= 


(1) Programming 


MODE: AER 

Display Key in 

TITLE? LINEAR ENT 

M: After the program for a matrix 


determinate (i.e., the first program 
in the “Matrices” section), add : 
VAR STO D, 2ndF 1 2ndF 2.,G=+ 
D STO E, H = D STO F, VAR z = 
d1 — a1xVAR E — VAR b1xVAR 
F) + VAR c1 SUB: 
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1% VAR d1xb2xc3 + d2xb3xcl1 + 
d3xb1 x c2 — d1xb3xc2 — 
d3xb2xc1 — d2xb1 x c3 VAR 
STO G SUB: 

B: VAR a1xd2xc3 + a2xd3xc1 + 
a3xd1x c2 — alxd3xc2 — 
a3xd2xc1 — a2xd1 xc3 VAR 
STO H ENT 


(2) Program execution 
Calculate X, Y, and Z for: 
X+Y+Z=9 
6X + 6Y —Z=17 
14X —7Y + 2Z = 42 


MODE: COMP FSE (for FIX) TAB3 

Display Keyin Note 
LINEAR TITLE COMP 

Fillin the values for the denominator of xandy: 

ANS 1 = —147.000 COMP 


d1=? 9 COMP 

d2=? 17 COMP 

d3 =? 42 COMP 

ANS 2=2.735 COMP 

ANS 3=0.980 COMP Value of X 
Z= 5.286 Value of y 


Proof: (Use any of the three equations) 


Key in: 142.735 — 7x.98 + 25.286 = 
Answer: 42.002 


Random Number Generation 
A widely used formula for generating random numbers is: 


Xnsi1= FRAC (rm + Xn)° 
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The seed, Xn, can be varied between 0 and 1 to give many 
random number sequences. 


Program Notes: 

The program produces numbers between 0 and 1,000. 

The range of numbers can be varied by changing the 
amount A is multiplied by, at the end. 


(1) Programming 


MODE: AER 

Display Key in 

TITLE? RANDOM ENT 

M: FRAC ((A + m)Y* 5) STO A A>0 


-Y—[] 1000 A, 7 -Y-[] ENT 
(2) Program execution 


MODE: COMP FSE (for FIX) TAB 0 


Display Key in 
5 STOA 
RANDOM TITLE COMP 
ANS 1 = 408 COMP 
ANS 2 = 583 COMP 
ANS 3 = 189 COMP 
ANS 4 = 681 COMP 


ANS 5 729 COMP 
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Statistics 


In the statistical mode, the store memories U to Z are 
loaded with values which are retained even if the mode 
switch is changed to COMP or AER. This capability can be 
used in the programming of many statistical applications. 


The value in each store memory is: 


Store Memory Contents 
n 

2X 
=x? 
2Xxy 
2y 
dy? 


c<sx<<N 


Correlations 


A perfect correlation between two values in aregression 
analysis results in an r equal to 1 (— 1 is aperfect negative 
correlation). In other words, by knowing the value of one 
variable you can predict with 100% accuracy the value of 
the other variable. The further the value of ris from 1 or —1, 
the less reliable will your predictions be. The following table 
can be used as a set of definitions of the values of the 
correlation coefficient. 


Value of r Call it 
+0.80 to 1.00 Extra High 
Positive +0.60 to 0.80 High 
Correlation +0.40 to 0.60 Moderate 
+0.20 to 0.40 Low 


—0.20 to +0.20 Nil 
—0.20 to —0.40 Low 
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Negative —0.40 to —0.60 Moderate 
Correlation —0.60 to —0.80 High 
—0.80 to —1.00 Extra High 


Linear Regression 


Is weight a good predictor of longevity among men 65 years 
of age? In 1950, 10 men each 6 feet tall, were selected for 
an experiment to determine if their weight effected their life 
span. 


Sample 1 2 3 4 5 6 7 8 9 10 
Age at 72 67 69 85 91 68 77 74 70 82 
death 
Weight at 185 226 200 169 170 195 175 174 198 172 
age 65 


MODE: COMP STAT FSE (for FIX) TAB3 
Keyin 

72 (x,y) 185 DATA 

67 (x,y) 226 DATA 


Continue for the remainder of the above table. 

r —0.793 (correlation) 

rindicates a relative high negative correlation. A higher 
weight indicates a shorter life span. To graph the 
regression line, a and b are used. 


a 321.929 (y-axis) 
b — 1.795 (slope) 


Predict the age of death of a 6-foot man weighing 190 
pounds in 1950. 
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Key in: 190 (x’) 
Answer: 73.495 years 


To reach age 90, what should a man’s weight be in 1960? 


Key in: 90 (y’) 
Answer: 160.371 pounds 


To reach age 150, what should a man’s weight be? 
Obviously, the answer will make no sense, indicating the 
danger of carrying a straight-line extrapolation too far. 


Non-Linear Regression 


The measure of reliability of a straight-line correlation (r) is 
given by the equation: 

n2(xy)— =(x)=(y) 
v(N=x? — (Zx)?) x (nZy? — (Zy)’) 


r= 


The value of r and the correlation curve may be determined 
for first order non-linear relationships (Exponential, 
Logarithmic, and Power) by adapting to the linear 
regression format by the use of natural logarithms. 
Exponential 
Data in an exponential format fits the curve: 

y =ae™ 
Exponential data is entered by taking the natural log of the y 
value and the equation becomes: 


Iny =Ina+bx 


Estimated results are obtained by raising the result 
exponentially. The value in register a will be Ina. 
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Prove values obtained in the STAT mode are correct. The 
coefficients a and b are computed from: 


Sx, In y,—(Sx,) (EI n y,) 


n 

Bx? —2(3x,} 

4 exp=2 on 2% 
Program Note: 


All ofthe values stored in the STAT mode are employed. 


(1) Programming 


MODE: AER 
Display Key in 

TITLE? EX P-REG ENT 

M: W — Zx'YV) + (X-Zx?! Yx?) 


STO B, VAR a = e* VAR 
((V — BY) + Z), VAR 

r= VAR J” ((W — Zx' YV) 
x? + ((X — Yx? + Z) 

x (U — V x? + Z ENT 


(2) Program execution 
Determine the equation, coefficient of correlation, and 
estimated y values forx = 9.2 and—2.6, for the following 


values: 


X 0.5 1.6 3.6 7.9 8.7 
y 8 13.2 52.9 1008 2201 
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MODE: COMP STAT FSE (for FIX) TAB3 


Keyin 

CA 

5 (x,y) LN 8 DATA 

1.6 (x,y) LN 13.2 DATA 

3.6 (x,y) LN 52.9 DATA 

7.9 (x,y) LN 1008 DATA 

8.7 (x,y) LN 2201 DATA 
Answer 

(r) 0.999 

(a) 1.583 

(b) 0.687 

e* (a) = 4.870 


Obtain estimated values of Y 


Answer 
9.2 (y’) 7.906 
e* 7.906 = 2713.515 
(-) 2.6(y) —0.204 
e*(—).204= 0.815 


Proof: 


MODE: COMP (Use 2ndF STAT until STAT disappears) 
Display Key in 
ANS 1 = 0.687 COMP value of b 

a= 4.868 COMP 

r=0.999 COMP 


The equation is therefore of the form: 
y = 4.868e°°°”* 
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Logarithmic 


The curve fits the equation: 
y=a+binX 


In each of the equations (a, b, andr), the value of X 
becomes In x. 


Determine the equation, value of r, and estimated value of y 
for x = 8 and 40, for the following set of values: 


Xx 6 9 20 26 
y 18.6 50.1 80.7 92.8 


MODE: COMP STAT FSE (for FIX) TAB3 


Key in 

CA 

LN 6 (x,y) 18.6 DATA 

LN 9 (x,y) 50.1 DATA 

LN 20 (x,y) 80.7 DATA 

LN 26 (x,y) 92.8 DATA 
Answer: 

(r) 0.988 

(a) —62.657 

(b) 48.115 


The equation is: y = —62.657 + 48.115 Inx 


LN 8(y’) 37.394 
LN 40(y) 114.832 
Power Curves 


Data fitting a power curve takes the form: 
y =ax? 
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To transform this equation into the linear format, itis 
written: 


In y=b In x+Ina 
Data is placed in the equation fora, b, andrasInxandIny. 


Determine the equation, r, and estimated values of y for x = 
50 and 1,000 for the following sets of data: 


x 2 10 20 100 
y 50 124000 551x104 592x107 


MODE: COMP STAT FSE (for FIX) TAB 3 


Key in 

CA 

LN 2 (x,y) LN 50 DATA 

LN 10 (x,y) LN 124000 DATA 

LN 20 (x,y) LN 551Exp4 DATA 

LN 100 (x,y) LN 592Exp7 DATA 
Answer: 

r 0.999 

a 0.769 e” . 769 = 2.158 

b 4.774 


The equation is: y = 2.158x4.774 


Answer: 
LN 50(y’) 19.445 
e* 19.445 = 
FSEFSE 278.52 10° 
LN Exp 3(y’) 33.746 
e*33.746 = 452.586 10"? 
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Curve Fitting 


Using the techniques of regression analysis, the type of 
curve best describing a phenomenon can be chosen and 
analyzed. Up to 10 pairs of data can be stored inthe 
EL-5150 store memories (A to T) for analysis. Based on the 
following data, predict the population of El paso, Texas, in 
the year 2000 and describe this city’s population growth 
from 1950 to 1978. 


Year (x) Population 

1950 130435 

1960 276687 

1970 322261 

1978 400741 
MODE: COMP 
Keyin 
50 STO A 130435 STO B 
60 STO Cc 276687 STO D 
70 STO E 322261 STO F 
78 STO G 400741 STO H 


MODE: COMP STAT FSE (for FIX) TAB3 


Key in 

For linear: 

CA 

A (x,y) B DATA 
Cc (x,y) D DATA 
E (x,y) F DATA 
G (x,y) H DATA 
(r) = 0.977 
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For exponential: 


CA 

A (x,y) LN B DATA 
Cc (x,y) LN D DATA 

E (x,y) LN F DATA 

G (x,y) LN H DATA 
r=0.942 

For logarithms: 

CA 

LN A (x,y) B DATA 
LN C (x,y) D DATA 
LN E (x,y) F DATA 
LN G (x,y) H DATA 
(r) =0.985 

For power: 

Keyin 

CA 

LN A (xy) LN B DATA 
LN C (xy) LN D DATA 
LN E (x,y) LN F DATA 
LN G (xy) LN H DATA 
(r) = 0.959 


Logarithmic gives the best fit. 
a= —2120044.303 
b = §78530.522 


The growth of population in El Paso, Texas, is described by 
a logarithmic curve: 


y = —2120044.303 + 578530.522 In x 
For the year 2000 (x = 100) population will be: 


Key in: LN 100 y’ Answer: 544187 
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“t” Test 


Asmall sample in statistics usually means less than 30. 
Small samples are particularly important where the data is 
very expensive or difficult to obtain or a test requires 
destruction of a product. 


The t-distribution is close to the normal distribution and 
permits checking of a hypothesis even with a small sample. 


{xT Ho 


s//n- 


where X= sample mean 
s = sample standard deviation 
n= sample size 
Ho = required population mean 


The “t” test can be programmed using the store memories. 


Letu = yo 
2x 
= X— po ow 
s/n v = ASKTAP 
¥. 
Z 


~  X—z7(¥ =z) 
pene 


(1) Programming 


MODE: AER 

Display Key in 

TITLE? VAR t — test ENT 

M: VAR t = VAR Y + Z — VAR LL) 
+f ((VAR X —Zx(Y + Z)x?) 
+ (Zx(Z -1 ENT 
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(2) Program execution 


Test the X data in the linear regression example on age. 
First, key in the statistical data on page 23 in STAT mode. 
Assume that 70 is the average life span. 


MODE: COMP 
Key in 

COMP 
u=70COMP 
Answer: t = 2.147 


Checking the “t” probability levels table, fora sample size 
of 10, the data will be accurate more than 95% of the time. 


Asample of 20 units of a particular size transistor used until 
it fails. Mean-life of the sample is found to be 8,400 hours 
with a standard deviation of 785 hours. A buyer of 
transistors requires a mean-life of 8,100 hours. Will the 
buyer be safe with a 5% level of confidence if these 
transistors are purchased? 


Key in:8400 — 8100) + (785 + /20 = 
Answer: 1.709 


From the table, the value for t at 5% confidence level is 
1.729. We use the sample size (n) -1 as the degrees of 
freedom. 


Since the t calculated at 1.709 is less than 1.729, the buyer 
can conclude that the transistors purchased could be from 
a population with a mean lifetime equal to or greater than 
8,100 hours 95% of the time. 
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Chi-Square Test 


The x?-Test is used to determine if a set of data when 
compared to an ideal or predetermined distribution of that 
data has a variance from probability or some preset 
expectation. The formula for the test is: 


x2 2(O—E) 


where O = Observed Frequency 
E = Expected Frequency 


The hypothesis is rejected if the X? statistic falls in the 
rejection region of the X? distribution. 


The proportion of adult females (over age 21) in society is 
52% of total adults. The number of female workers earning 
above $20,000/year in three companies was established. 
Analyzing the data, is the difference between the actual 
proportions compared to the expected proportions based 
on population significant? 


Expected Frequency of Employees by Sex 


MODE: COMP FSE (fox FIX) TAB 0 
Key in:.52STOA 


Company Entry Female Male 
A 10000 A= 5200 4800 
B 5650 A = 2938 2712 
Cc 3290 A = 1711 1579 


The table below indicates the actual number with the 
expected below in parentheses. Each cell will be calculated 
in the x? calculation. 
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Company A CompanyB Company C 


Female 3100 2900 1800 
(5200) (2938) (1711) 

Male 6900 2750 1490 
(4800) (2712) (1579) 

Total 10000 5650 3290 


Let E = E (Expected Frequency) 
D = O (Observed Frequency) 


Program Notes: 
The use of acounter controls the number of requests for 


data to the value of the number of observations (N). 


(1) Programming 


MODE: AER 

Display Key in 

TITLE ? CHI — SQ. ENT 

M: f)= OE f(09= O-E)x? +E 


STO A + GSTOG1+XSTO 
XX #N -Yo[. 4-Yo9) -NOg] 
G, m -N—[] ENT 


(2) Program execution 


MODE: COMP FSE (for FIX) TAB 2 


Key in 
6 STO NO STO X0 STOG (Data initializing) 
CHI TITLE COMP (Title search) 
O = 5200 COMP E = 3100 COMP 

2938 2900 

1711 1800 

4800 6900 

2712 2750 

1579 1490 


Ans: 1 = 2072.45 
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The X? 0.05 columnin the table represents the dividing line 
which cuts off 5% of the right tail of the distribution. The 
degree of freedom is one less than the number of sample 
proportions being tested. 


In the above example, the df is 2 and X? 0.05 = 5.991. The 
value obtained is significantly higher, indicating that the 
difference between what was expected and what was 
actually happening was due to factors other than chance. 
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Physics 


Launching a Projectile 


Launching a projectile into space requires a high initial 
velocity. The number of seconds to reach a specific height 
can be calculated if the initial velocity is known. A simplified 
version of the equation is: 


1 
H=V,t— zat 
where H = height (feet) of the object after t seconds 
Vo = initial velocity (feet/second) 
t = time (seconds) 
g = gravitational acceleration (32 feet/sec/sec) 


Mpeg 
29> 


A launch occurs with an initial velocity of 900 feet per 
second. How long will it take to reach 10,000 feet 
(approximately 2 miles)? 


1000 = 900t — 16t? 
16t? — 900t + 10000 = 0 


Find the quadratic formula solution previously 
programmed. 


MODE: COMP FSE (for FIX) TAB 4 


Display Key in 
QUAD TITLE (Title search) 
COMP 

b=? (—) 900 COMP 

a=? 16 COMP 

c=? 10000 COMP 


x1= 41.0097 COMP 
x2= 15.2403 STO A 
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Proof: 16 Ax? — 900A + 10000 = 
Answer: 0.0000 


Orbiting 


Determining the velocity of an object in orbit at any pointin 
its orbit is a problem that is applicable to many fields. In 
space research, the velocity of a spacecraft orbiting the 
earth or of a planet moving around the sun may be 
calculated. The equation for velocity is: 


v=,/2GM(L - -5--) 


where r = radial distance at a given point on an elliptical 
orbit 
a = mean distance from the central object 
G = universal gravitational constant 
M = mass of central object 


This equation assumes that the mass of the orbiting object 
is insignificant compared to that of the central object. 


(1) Programming 


MODE: AER 

Display Key in 

TITLE ORBIT ENT 

M: VAR v = [_ ( VAR 2G VAR 
mx(rx! — (VAR 2 VAR a) x" 
ENT 


(2) Program execution 1 


Atadistance of 8x 10® kilometers from the sun, at what 
speed is the planet Jupiter orbiting? 


r=8x108, a=7.784x108, M = 1.992 10° 
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MODE: COMP FSE (for FIX) TAB4 

Display Key in 
6.668 Exp (—)23 STO G 
ORBIT TITLE COMP 


m=? 1.992 Exp 33 COMP 
r=? 8 Exp 8 COMP 
a=? 7.784 Exp 8 COMP 


V = 12.7053 (Kilometers/sec) 


If the distance were 6 x 10° kilometers, what would the 
speed be? 


COMP 
m=? COMP 
r=? 6 Exp 8 COMP 
a=? COMP 


V = 16.4959 (Kilometers/sec) 


The eccentricity of an ellipse is a measure of its closeness 
to acircle. The greater the eccentricity, the more elongated 
will be the ellipse (less like a circle). 


Compare the percent differences between the maximum 
and minimum differences from the sun for Venus and Mars. 
The sun occupies one focus of a planetary ellipse and the 
distance between a planet and the sunis: 


puall=e). 
1—eCOS7 


a = semimajor axis of the ellipse = mean distance from the 
sun 

e = eccentricity 

n = polar angle in radians 


Figure 3 
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The angle is measured in radians (m1 = 180°) and the unit of 
angle for calculations will be RAD instead of DEG. Itcan be 
seen that the maximum distance from the sun is n = 0 and 
the shortest distance is n =n. 


(1) Programming 2 

MODE: AER 

Display Key in 

TITLE? DIST-SUN ENT 

M: VAR r = a( VAR 1 — VAR ex? )) 
+ (VAR 1 —- VAR e COS n 
ENT 


(2) Program execution 2 


Planet Eccentricity of Orbit Mean Distance from the 
Sun 
(Miles) 

Venus 0.006783 67.24x10§ 

Earth 0.016718 92.96 x 10° 

Mars 0.093387 141.62 10° 


MODE: COMP FSE (for SCI) DRG (for RAD) 


Display Key in Notes 

For Venus: DIST-SUN TITLE 
COMP 

a=? 67.24 Exp6COMP 

e=? 6.783 Exp (—)3COMP 

n=? iat COMP Initial angle 

r=6.6784E07 STO F Minimum distance 
COMP 

a=? COMP 

e=? COMP 

n=? 0 COMP Change angle 

r=6.7696E07 STOA Maximum distance 
A-—F)+Ax100 = 
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Answer: 1.35% 


For Venus, there is a 1.35% difference between maximum 
and minimum distance from the sun. 


For Mars: 
COMP 

a=? 141.62 Exp6COMP 

e=? .093387 COMP 

n=? t COMP 

r =1.2839E 8 STOF Minimum distance 
COMP 

a=? COMP 

e=? COMP 

n=? 0 COMP 

r=1.5485E8 STOA Maximum distance 
A-F) +Ax100 = 


Answer: 17.08% (shown as 1.708E 01) 


For Mars, there is a 17.08% difference between the 
maximum and minimum distances from the sun. The 
substantially greater difference between the maximum 
distances from the sun for Mars versus Venus can be 
accounted for by the greater eccentricity of the elliptical 
orbit of Mars. 


At what angle will earth’s distance from the sun be the 
same as its mean distance from the sun? Substituting in the 
original equation: 


«92.96 x 10°(1 —e?) 
92.96 x 10 i 8COSs 


The mean values cancel each other and: 


1 —ecosn=1-e? 
Cosn = 16.718x10~° 
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MODE: COMP DRG (for RAD) FSE (for floating decimal) 
Key in:cos'! 16.718 Exp (—)3= 


Answer: 1.554077548 radians (about 11/2) 


In satellite motion, the orbiting of one object around 
another, the effects of acceleration and the gravitational 
force must be taken into consideration. The gravitational 
force is an inverse square central force. This continuous 
force acting on a satellite in orbit changes its magnitude 
and direction as the satellite moves. 


The orbit can be approximated by breaking the satellite’s 
flight into a series of small steps. 


y 


At = 1.033 (60 days) 


Figure 4 


Acomethas an initial distance from the sun of 4 
Astronomical Units (A.U.) and an initial velocity of 2 
A.U./year. Plot the orbit. 


The applicable parameters are: 
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Orbital Period = 2m = 6.28 = time units for one 
circumference 

G = universal gravitational constant 

M = mass of central body 

C =—GM = —1 = proportionality constant which is negative 
when the central force is attractive 

n = 2 = dependence on center-to-center distance by the 

central body and the body moving by it 

t = 60 days = 60/365 x6.28 = 1.033 

r = distance from the central body 

a= acceleration 

V = velocity 

Vyo = 2A.U./6.28 = 0.3183 

x = 4A.U. = initial distance from the sun 

The applicable equations are: 


Distance =r= /x? + y? 
Acceleration = axAt + Cr~("*") xAt 

ayAt + Cr-("+1) yAt 
Velocity = New Vx = Old Vx + axAt 
New Vy = Old Vy + ayAt 


* Based on material from the book: COUNTDOWN ON 
PROGRAMMABLE CALCULATORS, by R. Eisberg & W. 
Hyde, Dilithium Press, Portland, OR., 1979. 


Location = New x=Old x + VxAt 
New y = Oldy + VyAt 


Program Notes: 


The first answer gives the x position and the second the y 
position. 
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(1) Programming 


MODE: AER 

Display Key in 

TITLE? COUNT ENT 

M: Cx [ (Xx? + Yx?) Y¥ (-) 


(N+1)xTx(1—Z)STO | OSTO Z IX 
+ V STO V IY+W STO W VT+X 
STO X,WT+Y STO Y,A+T STO 
A ENT 


(2) Program execution 


MODE: COMP FSE (for FIX) TAB 2 

Key in 

2 STON 0 STO V(—)1STO C 60+ 365x6.28STO 
T 2+ 6.28 STO W.5 STO Z 4 STO X 0 STO Y 
0 STO A COMP 


ANS 1 (x) ANS2(y) ANS 3 (t) 


3.97 0.33 1.03 
3.87 0.65 2.06 
3.70 0.96 3.10 
3.46 1.26 4.13 
3.15 1.52 5.16 
2:15 175 6.19 
2.28 1.93 7.23 
1.71 2.02 8.26 
1.04 2.00 9.29 
0.28 1.80 10.32 
—0.53 1.28 11.36 
—1.13 0.25 12.39 
—0.95 —0.96 13.42 
—0.36 —1.74 14.45 
0.30 —2.20 15.48 
0.93 —2.45 16.52 
1.51 —2.55 17.55 
2.02 —2.54 18.58 
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This orbit will fail to close when plotted on graph paper. 
(See Fig. 4.) The reader should try a smaller At (20 days) to 
get a perfect ellipse. 


Moment of Inertia 


The moments of inertia (Ixx, lyy and Ixy) about any two x 
andy axes for n number of elements are programmable on 
the EL -5150. The transfers of each of these inertias to the 
Xc.g. and Yc.g. (center of gravity) axes of the element set 
canalso be computed. The number of elements that can 
accommodated is virtually unlimited. 


The input information required is: 
1. xandy distances to each element 


2. corresponding element sizes 
3 element 2Ixx and Slyy 


Formula: 
1 xa zhx 
SA 

__ 2Ay 
2. =A 


3. Ixy = DAxy — y2Ax — XZ Ayt+XY2A= 
Product of inertia about x and y axis 

4. lyy = ZAx? + Zlyy — 2(AY)? = A= 
Moment of inertia about y axis 

5. Ixx = DAy? + TIxx — L(Ay)? +A= 
Momentof inertia about xaxis 
Radius of Gyration 


TXX 
6.x = | 


| 
7.yy= 2 
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where n = number of elements 
c.g. = center of gravity or centroid of the element set 


Let: =Ixx = Total for all the elements of each element’s 
moment of inertia about its own Xc.g. axis 

2lyy = Total for all the elements of each element's 
moment of inertia about its own Yc.g. axis 


Program Notes: 


The program takes advantage of the following capabilities 
of EL-5150. 


ey As = 6.32 
lyy3 = 2.85 

= Jy3 a 
X3 = 2.462 Taxa = 2.81 


A, = 5.34 


Iyy2 = 2.54 


Ixx2 = 2.55 


Figure 5 


1. Data may be accumulated in the STAT mode for later 
use in COMP mode. 


Z=2A 

Y = XAx 
X = Ax? 
W = 2Axy 
V = Ay 
U = Ay? 
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2. In addition to storing datain thex andy registers a third 
set of corresponding data (in this case Area) can be 
stored in the “n“ register. “n” represents the number of 
samples and on most calculators is limited to whole 
numbers. The EL-5150 permits the storage of values in 
“n” which have fraction components. 


The answers will be given as follows: 


Value Calculator 
xX x= 

y y= 

Ixy i= 

lyy a= 

yy ANS6 

XX ANS7 


(1) Programming 


MODE: AER 

Display Keyin 

TITLE? MOMENT ENT 

M: VARXx=VAR Y=Z,VAR y= VARV 


+Z, VAR i= VAR W-VAR y 

VAR Y — VARx VAR V + 

VARxxy VAR Z, VAR a = VARX + 
VAR iyy — VARYx? + Z, VAR b = 
VAR U + VAR ixx — VAR Vx? = 
Z, [7 VAR(a=VAR Z, J 
VAR (b+VAR Z ENT 


(2) Program execution 


MODE: COMP STAT 


Key in Comment 
375 (x,y) .125x4.23 DATA x1, y1, Al 
946 (x,y) 1.685 5.34 DATA x2, y2, A2 
2.462 (x,y) 2.32X6.32 DATA xn Yn, An 
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MODE: COMP FSE (for FIX) TAB 3 


COMP. x= 1.397 

COMP y= 1.522 

COMP i= 11.018 

COMP iyy = 2.34 + 2.54 + 2.85 
COMP a=20.403 

COMP. ixx = 2.31 + 2.55+2.81 
COMP b= 20.092 

COMP ANS 6 = 1.133 

COMP ANS 7= 1.124 
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ELECTRONICS 


Parallel Resistance and Series Capacitance 


Total resistance for resistors in parallel is given by: 


The same formula applies to capacitances in series: 


CF) C0) CF) C,) CF) 
pS AP} qe 
Co= : 
ae re ee ee 
Cy Cz C3 Cy Cj 


Figure 6 


The program which can be used with any number of items 
(N) uses: 


C = Value of resistance or capacitance 
R = Accumulated values of 1/C’s 


(1) Programming 


MODE: AER 

Display Key in 

TITLE? PARA-RES ENT 

M: ()= CfJ=R+C x' STOR1 


+X STOXX#N -Y>[] 4 -Y 
—>[] —N>[] R x', ™ —N-[] ENT 
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For resistances in parallel of 5, 28, 133, and 74, whatis the 
equivalent resistance? 


MODE: COMP FSE (for FIX) TAB3 

Display Key in 
PARA-— RES TITLE 
0STOX4STONOSTOR 
(Data initialization) 


COMP 
C=? 5 COMP 
C=? 28 COMP 
C=? 133 COMP 
C=? 74 COMP 


ANS 1 = 3.895 (ohms) 


Four capacitances in series have values of 1, 2, 3, and4. 
Whatis the equivalent capacitance? 


Display Key in 
0STOX4STONO STOR 
COMP 

1 COMP 

2 COMP 

3 COMP 

4 COMP 


(omenen?) 
oll 
VV VY 


ANS 1 = 0.480 (uf) 
Series Reactance and Impedance 


Reactance is referred to as a “frequency-sensitive” ohm. 
For the capacitor it is called capacitive reactance and has 
the unit Xcin ohms. For inductors it is called inductive 
reactance and has the unit XLin ohms. Capacitive 
resistance is inversely proportional to frequency while 
inductive reactance is directly proportional to frequency. 
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Impedance, Z, is the opposition to current flow caused by 
reactive and resistive components in series, parallel or 
series-parallel combinations. The program solves for Z and 
its phase angle (8) for series RC, RL, and RCL circuits 


RC RL RCL 
YOQ0 
Cc L 
Figure7 


The formula for three types of circuits are: 


RC:Z = JR? + (1/2nfC)? a =tan-4llvente] 


R 
RL:Z= | R? + (2nfL)? 8 = tan"! [2nfL/R] 


RCL:Z= /R? + [(2nfL) — (1/2nfC)]? 


6 = tan" [((2mfL) — (1/2nfC))/R] 


(1) Programming 


MODE: AER 

Display Key in 

TITLE? IMP-RC ENT 

M: f()= RCF f()=/ (Rx? + (1+ 
2 nFC)x?, VAR 8 VAR = TAN’ (( 
1 + 2m FC) + R ENT 

TITLE? IMP-RL ENT 

M: f()= RLF f)= J (Rx? + 
(2nFL)x?, VAR 8 VAR = TAN 
(2nFL + R ENT 

TITLE? IMP-RCL ENT 

M: f()=RCLF f()= J (Rx? + 


((2nFL) — 1 + (2nFC))x?, VAR 6 
VAR = TAN’ (( 2nFL — 1 + 
(2nFC)) + R ENT 
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(2) Program execution 


Obtain the Impedance and Phase angle for the following 
circuits: 


RC: R=200 C= 1E-11 = 5E7 

RL: R=200 L=1 F = 60 

RCL: R=5 C=5E-05 L= .025 F = 50 
MODE: COMP FSE (for FIX) TAB 2 DRG (for DEG) 


Display Key in 
IMP-RC TITLE 
COMP 
R=? 200 COMP 
Gia 2 Exp (—) 11 0= 57.86° 
COMP 
=? 5 Exp 7 COMP Figure 8 
ANS 1 = 375.93 (Q) COMP 
8 = 57.86(°) 
IMP-RL TITLE 
COMP @ = 62.05° 
R=? 200 COMP 
L=2 1 COMP 
F=? 60 COMP 
ANS 1 = 426.76 (Q) COMP Figure9 
8 = 62.05(°) 
IMP-RCL 
TITLE 2 
COMP 6 = —84.88 
R=? 5 COMP 
C=? 5 Exp(—) 5 
COMP Figure 10 
L=? .025 COMP 
F=? 50 COMP 


ANS 1 = 56.03 (Q) COMP 
9 = —84.88(°) 


52 


Parallel Reactance and Impedance 


The impedance of a parallel RC, RL, or RCL circuit must be 
less than the minimum value in any one of the parallel 
branches. The Z; of a parallel RC, RL, or RCL circuit does 
not equal that of a series circuit because of the basic 
relationship of current and voltage in parallel circuits. 


The program solves for the phase angle of total current with 
respect to resistor current. Resistor current is the reference 
at zero degrees. The impedance is solved by the 
relationship: 


Figure 11 


Z_ Z0° = E/I; Z 0° whichis Ohm’s Law for AC circuits. 


The assumed voltage for RC and RL circuits is equal to the 
absolute value of Xc or X,. 


The formulas that apply to these three circuits are: 


RC:IR=|IXel/R  Z=/Xel/ly Iy= J (Ip? +1) 
8 = tan! (1/I,) 

RLiIp=IXiL]/R  Z=1Xi l/r t= Jn? +1) 
6 = tan! — (1/Ip) 

RCL:Z=1Z|=1/ /1/R? + (A/wL — oC? 


9 =tan'R(1/wl — wC) 
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(1) Programming 


MODE: AER 

Display Key in 

TITLE? P. IMP-RC ENT 

M: f()= RCF f()= ABS ( 1 + 2nFC) 
STOX+RSTOIX+J__ 
(Ix? + 1, VAR 6 VAR = TAN’ ( 1 
+ | ENT 

TITLE? P. IMP-RL ENT 

M: f()= RLF f()= ABS (2nFL) STO X 
+RSTOIX+/J (Ix? + 14), 
VAR 8 VAR = TAN’ (-) 1 + | 
ENT 

TITLE? P.IMP-RCL ENT 

M: {()= RCLF f()= 1 + 2nFL — 


2nFC) STO A ABS (1+ J 
(1 + Rx? + Ax’)), VAR 8 VAR = 
TAN’ RA ENT 


(2) Program execution 


Obtain the Impedance and Phase angle for the following 
circuits: 


RC: R=15 C= 8E-04 F=10 

RL: R= 20 L = .318 F = 10 

RCL: R = 8 C= 5E-07. L= .04 F = 60 
MODE: COMP FSE (for FIX) TAB 2 


Display Key in 
P.IMP-RC TITLE 
COMP 
R=? 15 COMP 
C=? 8 Exp (—)4 COMP 
F = % 10 COMP 


ANS 1 = 11.98 (Q) COMP 
9 = 37.02(°) 


Figure 12 
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P.IMP-RL 


TITLE 


COMP IR 
R=? 20 COMP 
L=? .318 COMP 
F=? 10 COMP 
ANS 1 = 14.14(Q) COMP 
8 = —45.04(°) 
P.IMP-RCL TITLE 
COMP i 
R=? 8 COMP 
C=? 5 Exp (—)7 COMP 6 = 27.88° 
L=? .04 COMP 
P= 60 COMP IR 
ANS 1 = 7.07 (Q) COMP Figure 14 
8 = 27.88(°) 
Multiple Feedback Bandpass Filter 
. F 
R, Rs 
+o ANN. | O+ 
Op. Amp 
E, R, : 
o— O- 
Figure 15 


In the multiple feedback filter illustrated, the op-amp is 
connected in the inverting mode and: 


Q> /Go/2 


The formulas for the resistances are: 


R, = Q/(2nfGoC) 
R3 = 2R,Go 


Ro =Q/(2nfC(2Q? — Go)) 
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The center frequency can easily be shifted. The center 
frequency gain and band width remain constant with the 
new value of R because: 


R’ = Ro (f/f’)? 


Program Notes: 

The program is set up to build a table of resistances for 
different frequencies. The increment of frequency usedis 
100Hz. The incrementcan be varied by changing the value 
in the first statement in the program. 


(1) Programming 


MODE: AER 

Display Key in 

TITLE? BAN D ENT 

M: F + 100 STO F, Q + 2n FGC 


STO R, VAR rp VAR = Q + 
(2nFC x(2Qx? — G, VAR r3 VAR 
= 2 RG ENT 


(2) Program execution 


The center frequency gain for the circuit is 1.25 and Qis 
3.8. The capacitors are selected from standard values; use 
.022 mf. 


MODE: COMP FSE (for ENG) TAB3 
Key in 

0 STO F 1.25 STO G 3.8 

STO Q .022Exp(—)6 STO C 
COMP 
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(X 10°) 
F (ANS 1) R; (ANS 2) Ro (ANS 3) Rg (ANS 4) 


100 219.923 9.949 549.808 
200 109.962 4.975 274.904 
300 73.308 3.316 183.269 
400 54.981 2.487 137.452 
500 43.985 1.990 109.962 
600 36.654 1.658 91.635 
700 31.418 1.421 78.544 
800 27.490 1.244 68.726 
900 24.436 1.105 61.090 
1000 21.992 0.995 54.981 
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Chemistry 


Ideal Gas Equation 


Most gases behave as predicted by the ideal gas equation. 
The equation states that the volume of a gas will vary 
directly with the number of gas molecules and with 
absolute temperature, and inversely with pressure. Itis 
usually written: 


PV=nRT  wheren=number of gas molecules 
R = ideal gas constant 
~ 0.0821 liter-atm. 
mole® K 
T = absolute temperature 273 + t° 
centigrade 


Program to calculate each of the four variables, P, V,n, and 
T. 
a)P =n RT/V 
b) V=n RT/P 
c)T=PV/nR 
d)n=PV/RT 


(1) Programming 


MODE: AER 

Display Key in 

TITLE? GAS-—P ENT 

M: VAR p = _n VAR Rx(273 + VAR 
t) + v ENT 

TITLE? GAS — V ENT 

M: VAR v=n VAR Rx(273 + VAR t ) 
+ p ENT 

TITLE? GAS — T ENT 

M: VAR t = pxv + n VAR R — 273 
ENT 
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TITLE? GAS-N ENT 
M: VAR n = pxv + VAR (RxX(273 + 
VAR t ENT 


(2) Program execution 
Calculate: 


a) Volume of .5 moles of oxygen at 15°C and 700 mm Hg 
pressure. 

b) Weight of nitrogen in a 75.0 liter-tank at 20°C anda 
pressure of 100 atm. 

c) Pressure of 10 moles of ethane at 15°C ina 10,000 ml 
tank. 


MODE: COMP FSE (for FIX) TAB 2 


Display Key in Notes 
.0821 STO R 
GAS-V TITLE 
COMP 
n=? .5 COMP 
t=? 15 COMP 
p=? 700 x .001315 P converted to 
COMP Atm 


v = 12.84 (liters) 


GAS-N TITLE 

COMP 
p=? 100 COMP 
v=? 75 COMP 
t=? 20 COMP 


n = 311.78 xX 28* = 8729.84 (grams) 
(moles of N?) * molecular weight 
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n= ? 
t=? 
v=? 


GAS-P TITLE 
COMP 

10 COMP 

15 COMP 

10 COMP 
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Mechanics 


Solar Energy 


The most important characteristic of a solar collector is the 
percent of solar radiation transmitted by the glass to the 
absorbing material (water). The radiation transmitted is a 
function of the glass’s refractive index (for ordinary glass 
= 1.52) and the angle of incidence of the sun. 


The reflectance from a plate of glass varies from the 
incidence angle (i). The fresnel equation calculates the 
reflection of abeam and the simultaneous radiation 
through one surface of a transparent solid. 


mr 2; 
_ 4 [sin (i — la) tan (i — ra) 
RHO= 3 sin?@+rq) | tan@(i+ ra) 
r,is the angle of refraction and is calculated by: 


sinr, = sini/r;-coll 
r,-coll = refractive index = 1.52 


Inthe program! =iandR=ra 


(1) Programming 


MODE: AER 

Display Key in 

TITLE? SOLAR ENT 

M: | + 10 STO! SIN“! (SIN | + 1.52) 


STO R SIN (1 — R))x? + (SIN (I 
+ R)) x? + ( TAN (1 — R))x? = ( 
TAN (1 +R ))x?) x50, | + 90 

Y>[] — -Y->[] -N-] = 
—N-[] ENT 
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(2) Program execution 


MODE: COMP FSE (for FIX) TAB 2 DRG (for DEG) 
Display Key in 
0 STO I SOLAR TITLE 


Key in COMP for each increment of |. Each “ANS” number 
multiplied by 10 corresponds to the value of I. 

Angle of incidence (degrees) 

1 10 20 30 40 50 60 70 80 90 
Percent Reflected = RHO 

R 4.26 4.29 4.41 4.85 6.06 9.25 17.47 39.09 100 


% Reflected 


0 
0 10 20 30 40 50 60 70 80 90 100 
angle 


Figure 16 
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Pressure Loss 


Head is the pressure consumed (or “lost”) in forcing a fluid 
along against the resistances caused by the conduits 
through which the fluid flows. The equation for the head lost 
by friction in a water pipe is: 


=< 2 
H=|0.0126 + 901780 plore |. & v 


IV qd * 2g 
where H = loss of head due to friction (meters) 
V = velocity inside the pipe (m/sec) 
L = length of pipe (meters) 
g = gravitational constant (g = 90.8m/sec? and 2g = 
19.6) 
d = inner diameter of the pipe (meters) 


Headis also lost when the fluid passes through various 
fittings. This loss is: 


_ kt 
29 


where k = coefficient for fitting loss 


Program Notes: 

If there are fittings, the value of nk will be the number of 
each type of fitting multiplied by the K value of each. The 
use of A, B, and C to represent the 3 constants in the 
equation helps to conserve the number of program steps 
used. 
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(1) Programming 


MODE: AER 

Display Key in 

TITLE? HEA D ENT 

M: VAR h = VAR A + (B-C x VAR 


d) +/-v)x( 1 + d)x(vx? + VAR 
19.6) VAR + nkxvx? + VAR 19.6 
ENT 


(2) Program execution 


MODE: COMP FSE (for floating decimal point) 

Display Key in 
.0126 STO A .01739 STO B 
.1087 STO C HEAD TITLE 
COMP 

=" .01 COMP 

=? .5 COMP 

=A 5 COMP 

" = 5 + 2 x .4 COMP 

=0. 301 377064 (Loss in meters) 


Uniformly Loaded Wood Beams* 


Using a specific wood species and grade, determine the 
number of beams required for a given load. The depth 
required due to shearing stress and bending stress must be 
less than the width of the beam. 


* Based on material and programs submitted by: George 
Mason Clark, Architect A.I.A. C.S.1., Professor Emeritus, 
The Ohio State University 


The following quantities will be calculated: 


1) The total load on the beam in pounds W = wL, where w 
= loadin pounds per foot and L = span length 
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2) deflection =A =L + fractional span deflection 

3) required moment of inertia | = 5WL° + (384EA) 

4) required depth = 3/12 |= B where B = width oftrial 
beam 


5) required bending depth = [a 


6) size factor adjustment for beams exceeding 12” in 
depth 


7 D — pi 
~ (12)0.14 120-11 
D 
7) original w (re-calculated) 


where 

E = Modulus of elasticity of wood species and 
grade, psi 

F = Allowable fiber stress in bending for wood species, 
grade and section, psi (f) 

w = Load, alternately expressed in pounds per foot 
(original entry) and in pounds (for calculation, 
converted as ANS 1) 

L = Span, feet (center to center of simple supports, face to 
support of fixed supports) 

H = Denominator of fraction expressing allowable 
deflection, inches as function of span in feet 

A = Coefficient expressing support and continuity 
configuration of beam at maximum deflection location, 
including conversion of span to inches 

C = Ratio expressing support and continuity configuration 
of beam at maximum bending moment location, with 
simple beam as 1 

B = Width of trial beam (or beams used together), Inches 


The allowable depth is calculated based on the unit 
shearing stress equation: 
fas Ae 38VB ik 3V 

2xarea 2xDepthxB 
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3V 3w 
Deviha ee = ee. 
ePtn= SBA HBA 


where 
V = 1/2 W and His substituted for 4 in the denominator 
W=w 
K = Reaction coefficient based on support 
a = Allowable horizontal shearing stress, PSI 
Various A, C and K coefficients 


Ist J 


Figure 17 
(1) Programming 
MODE: AER 
Display Key in 
TITLE? WOOD ENT 


fJ= EFLHACB f= VAR w 
VAR L STO M, L + H STO D, 
AML Y* 3 + DE STO |, 9f 
(121+ 8B, f (9 MLC + BF) 
STO D, .761 D Y* 1.11, 3M = 
VAR (k VAR BxVAR a ENT 


(2) Program execution 


Example 1: 

How many hemlock fir beams of construction grade are 
required for aspan of 6m (19.68 ft), ifthe load is 50 pounds 
per square foot? The beams to be used are 2x 12’s and 
four widths will initially be used with a beam spacing of 2m 
(6.56 ft). 
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LLL 


e 
\o 
a) 
S 
& 
N 
® 
8 
s 
& 
+ 
Span 6m (19.68ft) 
J = 50 x 6.56 pounds/ft 
L.L. 40 psF 
D.L. 10 psF 
50 psF V max =R, 
V diagram 
Mmax = JG 2/8 


Figure 18 


MODE: COMP FSE (for FIX) TAB2 


Display Key in Notes 
WOO DTITLE 
COMP 

E=? 1.4 Exp 6 psi 
COMP 

F=? 1200 COMP psi 
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ANS 


ANS 


ANS 


6455.04 


0.98 


803.59 


11.71 


12.60 


19.68 COMP 
20 COMP 


5 + 384)x12 Y* 


3 COMP 
1 COMP 
6 COMP 


506.56 COMP 
COMP 


COMP 


COMP 


COMP 


COMP 
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feet 
1/240 span in 
inches (x12) 


Simple Span 

4 nominal 2” 
beams B 1 1/2” 
used together 
pounds per foot 
Total load on 
beam, pounds 
Allowable 
deflection for 
beam span 
being analyzed, 
inches 

Required 
moment of 
inertia to not 
exceed allowable 
deflection, 
inches* 
Required depth 
based on 
required moment 
of inertia (I) and 
trial width (B), 
(new D, inches) 
Required depth 
based on allow- 
able bending 
stress and sup- 
port configuration 
of beam/width/ 
span being 
analyzed (new 
D, inches) 


ANS 6 = 12.67 


K =? 


a=? 
ANS 7 = 10.76 


COMP 


4 COMP 


75 COMP 


Shape factor - 
revised depth as 
increased for 
depths greater 
than 12” (new 
D, inches) 
Reaction coef- 
ficient 

psi 

Disregard this 
answer 


The required depth has to be less than 11.5 inches (2x12 
actual depth). Try 5 widths: 


Display 
E=? 
B - ? 


ANS 1 = 6455.04 
= 0.98 
803.59 
ANS 4 = 10.87 
ANS 5 = 11.27 
= 11.20 


>> 
ZZ 
nn 
on 
ot 


Key in 
COMP 


7.5 COMP 


COMP 
COMP 
COMP 
COMP 
COMP 
COMP 
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Notes 


Change only 
here 
5 beams + 1 
4/2” 


Deflection 
Bending 

Shape (bending 
governs) 


Now the shear is checked. 


K=? COMP 

a=? COMP 

ANS 7 = 8.61 Required depth 
based on 
allowable 


shearing stress 
a and reaction 
coefficient K, 
inches 


Bending governs and 5 beams are acceptable. 


Example 2: 

Dense select structural beams of the S.Y. Pine species are 
to be used for a two-continuous span beam. What width is 
required? 


J=55x2 


Figure 19 

Display Key in Notes 
E=? 1.76 Exp6 COMP psi 
F=? 2100 COMP psi 
L=? 16 COMP inches 
H=? 30 COMP 1/360 span in 

inches x12 
A=? 12.79 COMP 
C=? 1 COMP 
B=? 1.5 COMP __ inches 
w= ? 110 COMP 
ANS 1 = COMP pounds-total, load/span 
1760.00 
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ANS 2 = 0.53 COMP Allowable deflection 


ANS 3 = 98.23 COMP Required | 

ANS 4 = 9.23. COMP Required depth, 
deflection (2x10)? 

ANS 5 = 8.97 COMP Required depth, bend- 
ing (2 x 10)? 

ANS 6 = 8.69 COMP Required depth, shape 
(2 x 10)? 

k=? 3.2 COMP 

a=? 110 COMP 

ANS 7 = 10.00 Required depth 
(inches) 


The required depth governs the choice of width and 
therefore 2 x 12 is required. Since horizontal shear is 
critical, choose lesser grade (lower F) to bring required D 
values closer to equal. 


Trenching 


An expression of the work produced by an excavator used 
for trenching applications is the machine’s trenching rate 
expressed in lineal feet per day. Earthmoving production is 
measured by: 


xT 
BxF 


where: 

L = lineal feet of trench per day 

E = cubic yards per hour 

B = compacted cubic yards of soil per lineal foot of trench 
F = soil swell factor 

T = hours per day 
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(1) Programming 1 


MODE: AER 

Display Key in 

TITLE? TRENCH ENT 

M: f{()= EB FT f{()= E + BF)xT ENT 


(2) Program execution 1 


An excavator will produce 250 cubic yards per hour. A 
trench survey shows that the trench contains 2 cubic yards 
per foot with a soil swell factor of 30%. What production 
rate can be expected in a7 1/2-hour work day? 


MODE: COMP FSE (for FIX) TABO 

Display Key in 

TRENCH TITLE COMP 
250 COMP 

2 COMP 

1.3 COMP 

@ 7.5 COMP 

ANS 1 = 721 (feet/day) 


4omnom 
ll 
YY Vy 


(3) Programming 2 


The contractor may also be responsible for preparing the 
trench and lowering the pipe in a sewer construction job. To 
determine total production, the pipe installation time is 
calculated and is added to the time required for other 
procedures. The latter must be estimated by the contractor. 


Actual feet of pipe laid 


Pipe length 
/day =[ seh 


. 1 
trenching rate/hr sant 


x60 x hours/day x efficiency 
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MODE: AER 


Display Key in 
TITLE? P1|P E ENT 
M: f)= PEBFOAT f()= 60 + 


(60 PBF = E + 0))xAT) STOH 
VAR afd VAR = INT (HP + P)xP 
ENT 


(4) Program execution 2 


An excavator can produce 450 lineal cubic yards in an 

hour. Calculate the trenching production for a contractor if 
the average cross section of the trench is 3.5 BCY per foot; 
the swell factor for sandy clay soil is 26% and it takes 12 
minutes to install each 20-foot length of pipe after the trench 
has been opened. Job efficiency is 80 % in an 8-hour work 
day. 


MODE: COMP FSE (for FIX) TAB 2 
Display Key in 

PIPE TITLE COMP 
20 COMP 
450 COMP 
3.5 COMP 
1.26 COMP 
12 COMP 

.8 COMP 
=? 8 COMP 

afd = 320.00 (feet) 


ll 
Vy vn vy 


Will increasing work efficiency to 90% have a major effect? 


Press COMP to leave all previous inputs as above except 
A=.9COMP 
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Display Key in 


COMP 
A=? .9 COMP 
: COMP 
afd = 360 + 320=1.13 13% increase in 


production 
Earthmoving 


The cubic yards of bank material carried by amachine is 
determined by the weight of the load divided by the bank 
density. Production is estimated by calculating the number 
of complete trips a unit makes in an hour. 


weight of load 


Production = load/cycle x cycles/hour = . 
¥ 7 bank density 


60 
cycle time 


Weight of load = average weight of loaded unit—weight 
haul unit empty 


Cycle time = wait time + load time + delay time + haul 
time + dump time + return time 


Program Notes: 
Use seconds as minutes in the conversions. 
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(1) Programming 


MODE: AER 

Display Key in 

TITLE? EARTH ENT 

M: X — 1 STO X X > 0 -Y[] VAR t 


VAR —D.MS STO A + B STOB 
-Y[] -N-[] B ~ DEG STO C 
VAR w — e) + d)xXVAR (60 + C, 
m -N-[] ENT 


(2) Program execution 


A study of a tractor scraper revealed the following time: 
Wait=17seconds Load=40seconds Delay=15 
seconds Haul=4minutes15seconds Dump = 30 
seconds Return = 2minutes 6 seconds 


The empty haul unit weighs49,600 Ib and the average 
loaded unit weighs 91 ,500 Ib. If the bank density is 3,215 
Ib/cubic yard, whatis the hourly production? 


MODE: COMP FSE (for FIX) TAB 2 

Display Key in Notes 
0 STO B 
7 STO X 
EARTH TITLE 
COMP 

t=? .17 COMP 

0.10 COMP 

t=? .40 COMP 

0.34 COMP 

t=2 .15 COMP 

0.43 COMP 

t=? 4.15 COMP 

4.52 COMP 

t=? .3 COMP 

4.70 COMP 


> 
i 
n 
Il 


> 
Zz 
7) 
Il 


> 
Zz 

n 
ll 


> 
Zz 
n 
ll 


> 
Zz 
”n 
ll 
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E29 2.06 COMP 
ANS 1 = 6.73. COMP 


w=? 91500 COMP 
e=? 49600 COMP 
d=? 3215 COMP 


ANS 1 = 108.15 
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Cycle time 
(minutes) 


Bank cubic 
yards/hour 


Business 


Break-Even analysis 


“Break-even” is a business technique used to determine 
the quantity of a product where total costs will equal 
variable costs plus fixed costs. Fixed costs are 
depreciation, light, power, utilities, rent, insurance, 
administrative salaries, and others. Variable costs are 
materials and labor. The number of units required to reach 
the break-even pointis: 


Quantity = Fixed Cost/ Price — Variable Cost/ Unit 


It is possible to use supply and demand curves to 
determine the price. Supply curves measure the 
willingness of manufacturers to provide product at different 
prices. Demand curves reflect the willingness of 
consumers to buy at different prices. 


The supply and demand charges can alternatively be used 
to determine the price in the break-even equation. The 
basic equation for these curves is P = A + BX. 


F = Fixed Cost 


P = Price 
V = Variable cost/unit 
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12 P = 12 — .000667X 
10 
8 
6 oe 
4 P=4+ .002X 
2 
o| 1 2 3 4 
Quantity ( * 1000) 
Figure 20 
(1) Programming 
MODE: AER 
Display Key in 
TITLE? BREA K ENT 
M: 2ndF 2, VAR f + (ps—v) STO VAR 
A, — VAR x, 2ndF 1, f + (pd — 
v) STO VAR B, VAR —XSUB: 
B: VAR pd = a + b X x SUB: 
Ba: VAR ps = c + dX x ENT 


(2) Program execution 


The supply curve for a particular productis: P = 4 + .002X. 
The demand curve is: P = 12 — .000667X. The fixed costis 
$10,000 and the variable cost is $6.00. Determine 
break-even quantities based on the supply and demand 
curves. Use supply and demand quantities of 2,000 in each 
case. 
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MODE: COMP FSE (for FIX) TAB 2 


Display 

C= 2 

d=? 

KS? 

ps = 8.00 

f=? 

V= 2 

ANS 2 = 5000.00 
ANS 3 = 3000.00 
a=? 

b=? 

pd = 10.67 


ANS 5 = 2143.16 


ANS 6 = 143.16 


Key in 
BREAK TITLE 
COMP 

4 COMP 


.002 COMP 
2000 COMP 
COMP 

10000 COMP 
6 COMP 
COMP 


COMP 


12 COMP 


(—).000667 
COMP 
COMP 
COMP 


COMP 
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Notes 


Using Supply 
Curve 


Quantity 
Price 

Fixed cost 
Variable cost 
Break-even 
quantity 
Difference 
between 
break-even 
quantity and 
supply curve 
quantity 
Using 
Demand 
Curve 


Price 
Break-even 
quantity 
Difference 
between 
break-even 
quantity and 
demand curve 
quantity 


Try a quantity of 3000: 


Display Key in Notes 
cs]? COMP 

d=? COMP 

x=? 3000 COMP 

ps = 10.00 COMP 

f=? COMP 

v=? COMP 

ANS 2 = 2500.00 COMP 


ANS 3 = —500.00 COMP Demand quantity at 
$10 is 500 more than 
required to break 
even. 

a=? COMP 

=e COMP Supply curve 

pd = 10.00 COMP 

ANS 5 = 2500.63 COMP 

ANS 6 =-—499.37 Same answer as for 
demand curve 


oO 


This is the equilibrium point of the two curves. When the 
equilibrium price is higher than required to break even, 
the investment situation is favorable. 


Depreciation 


The assets of a business (vehicles, equipment, buildings, 
etc.) are “used up” or worn out over a period of years 
causing a decrease in value. This decrease in the value of 
an asset is called depreciation. Depreciation is usually 
based on historical costs (the actual cost of an item). 
Current or replacement costs in most cases will be higher 
and consequently the depreciation taken is too low. 
Depreciation lower than replacement costs causes the 
overstatement of the current value of capital assets, 
earnings, and taxes. 
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Accelerated depreciation is used to compensate for the 
replacement cost problem. Changing the rate of 
depreciation does not change cash flow, except if taxes are 
considered. 


The continuation of increasing costs due to inflation in the 
indefinite future strengthens the case for accelerated 
depreciation. The incentive to increase cash flow in the 
short term is greatest when the revenues available this 
year will buy more than the same amount of revenues 
generated one, two, or three years later. 


The most commonly used techniques of depreciation are 
straight line, declining balance, and sum-of-years’ digits. 


Straight-Line Depreciation 


To depreciate an asset using straight-line depreciation (a 
constant decrease in value, or constant-balance method) 
requires establishing the current value (C), the salvage or 
residual value (S), and the life of the asset in years (Y). 


Formula for Straight-Line Depreciation: 


D=(C-S/)/Y 
where 

C = Current Value 

S = Salvage Value 

Y = No. of Years 


Straight-line depreciation has been altered by the IRS tax 


codes andis called the Accelerated Cost Recovery System 
(ACRS): 
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3-year property 


1st year 25% 
2nd year 38% 
3rd year 37% 


5-year property 10-year property 
1st year 15% 
2nd year 22% 
Srd-5th 921% 


ist year 8% 
2nd year 14% 
Srd year 12% 
4th-6th 10% 
7th-10th 9% 


(1) Program execution 


MODE: AER 
Display 
TITLE? 

M: 


Bp: 


Key in 

DEP-—-ACRS ENT 

C —- S STO A X > 3-Y-[] 2ndF 2 
—Y>[] —N-[] 2ndF 1, ™ 

—N-+[] SUB: 

VAR y1 = VAR . 25A, VAR y2 = 
VAR . 38A, VAR y3 = VAR . 37A 
SUB: 

VAR y1 = VAR . 15A, VAR y2 
VAR . 22A, VAR Y345 = VAR 
-21A ENT 


(2) Program execution 


For an automobile with a cost of $12,000 and salvage value 
of $1,000, calculate the three amounts of depreciation. 


MODE: COMP FSE (for FIX) TAB 2 


Display 
y1 = 2750.00 
y2 = 4180.00 


Key in Notes 
3 STO X 12000 
STO C 

1000 STO S 
DEP-ACRS TITLE 
COMP 

COMP 1st year amount 


COMP 2nd year amount 
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y3 = 4070.00 3rd year amount 


What would ACRS depreciation be on a five-year basis? 


Display Key in 
5 STO X 
COMP 

y1 = 1650.00 COMP 


y2 = 2420.00 COMP 
y345 = 2310.00 3rd-5th year amount 


Declining Balance Depreciation 


One accelerated depreciation method, declining balance, 
requires specifying the initial book value or current book 
value (C), the life of the asset in years (Y), andthe 
acceleration factor (A). Double declining or 200% is the 
most common acceleration factor. 


The formula for declining balance depreciation of a 
business asset is shown below. The book value (C) is 
multiplied by the acceleration factor (A) and then divided by 
the life of the asset in years (Y). 


Year1 D;=CxA/100/Y 

Year2 Do=(C—D1)xA/100/Y 
Year3 D3=(C — (D1 + D2))xA/100/Y 
OG. wncves 


where, D = Depreciation 
C = Book value 
A = Acceleration factor (%) 
Y = Years 
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(1) Programming 


MODE: AER 

Display Key in 

TITLE? DEP-DEC ENT 

M: X + 1 STO X Y >=X-Y-I[] 2ndF 
1, VAR d + VAR D STOD % 
-Y>[] —N>[] ™ —N-[] SUB: 

GB: VAR d = VAR C — D)xA + Y 


ENT 
(2) Program execution 


The depreciable fixed assets required for a proposed box 
manufacturing production line consists primarily of forming 
machinery. The machinery has acost of $100,000, a 
usable life of five years and a salvage life of $20,000. 


MODE: COMP FSE (for FIX) TABO 

Display Key in 
0 STO X 0 STO D 100000 STO C 
200 + 100 STO A 5 STO Y 
DEP-DEC TITLE COMP 


d = 40000 COMP 
d = 24000 COMP 
d = 14400 COMP 
d = 8640 COMP 
d = 5184 


Sum of the Year’s Digits Depreciation 


Another method for computing accelerated depreciation is 
called sum of the year’s digits. With this method an even 
“write off” of an asset’s value may be obtained initially. This 
method requires a salvage value, thus improving the 
“Balance Sheet” with respect to assets and net worth 
during the later years. 


84 


To compute depreciation using this method, the asset’s 
value less salvage value is multiplied by a ratio of the 
number of years remaining divided by the sum of the years 
asset's life. For example, ifan asset has a six-year life, the 
sum is represented by: 


6+5+4+3+2+1=21 
The formula is: D = Cx(Y/S) 
where D = Depreciation 

C = Current book value 

Y = Remaining years of life 


S = Sum ofthe year’s digits 


(1) Programming 


MODE: AER 

Display Key in 

TITLE? DEP-SUM ENT 

M: Y > 0 -Y-[] 2ndF 1, VAR d + 
VAR T STO T Y-1 STO Y % 
-—Y >[] —N-[JT, ™ —N-[] SUB: 

BO. VAR d = VAR C — D)x(Y + S 


ENT 
(2) Program execution 


In the previous example use the sum-of-the year’s digits 
technique with a six-year life. 


MODE: COMP FSE (for FIX) TAB2 

Display Key in 
21 STO S 6 STO Y 0 STO D 
80000 STO C 0 STO T DEP-SUM 
TITLE COMP 

= 22857.14 COMP 

d = 19047.62 COMP 


Q 
| 
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Il 


15238.10 COMP 
11428.57 COMP 
= 7619.05 COMP 
= 3809.52 COMP 
ANS 7 = 80000.00 Total 


aaQaqa 
I 


Interest Calculations 
The basic formula for the future value of money: 
FV =PV(1 +i)" 


can be placed into a series of programs to yield any of the 
four values. 


PV = p = Present Value 

FV = f= Future Value 

i=i= Interest Rate per Period + 100 
n=n= Number of Periods 


(1) Programming 


MODE: AER 

Display Key in 

TITLE? FUTVAL ENT 

M: VAR f = p X VAR (1 + VAR i) Y* 
n ENT 

TITLE? PRESVAL ENT 

M: VAR p = f + VAR (1 + VAR i) 
Y* n ENT 

TITLE? IN TRAT ENT 

M: VARi=n7/f (f +p) - 
VAR 1 ENT 

TITLE? |1N TP ER ENT 

M: VAR n = LN (f + p) + LN (i + 
VAR 1 ENT 
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(2) Program execution 


$150,000 will be invested for five years. At an annual rate of 
9.25% compounded quarterly, whatis its future value? 


MODE: COMP FSE (for FIX) TAB 2 


Display Key in Notes 
FUT TITLE 
COMP 
p=? 150000 COMP 
i=? 0925 + 4 Adjusted for 
COMP quarterly 
n=? 5x4 COMP Adjusted for 
quarterly 
f = 236954.63 Future value 


Atan interest rate of 10%, a $200,000 loan has a balloon 
payment of $30,000 at the end of the loan period (15 
years). Whatis the present value of the balloon payment? 


MODE: COMP FSE (for FIX) TAB 2 

Display Key in 
TITLE (keep pressing until 
PRESVAL appears) 


COMP 
f=? 30000 COMP 
i=? -1 COMP 
n=? 15 COMP 
p = 7181.76 Present value 


To raise its sales level to 1,000,000 units per year in5 
years, acompany now producing 100,000 units must grow 
at what minimum rate of increase? 
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MODE: COMP FSE (for FIX) TAB5 


Display Key in 
INT TITLE COMP 
n=? 5 COMP 
f=? Exp 6 COMP 
p=? Exp 5 COMP 
i = 0.58489 58.5% per year 


How many years will it take to reach a goal of $100,000 in 
savings if the initial amount put aside is $20,000 at 11%? 


MODE: COMP FSE (for FIX) TAB 2 


Display Key in 
INTPER TITLE COMP 
f=? 100000 COMP 
p=? 20000 COMP 
i=? .11 COMP 


n = 15.42 (years) 
Amortization 


The monthly payment on a loan or mortgage is expressed 
as: 


1-47" 


Payment = PV = [ 


] 

where PV = present value (amount of the loan) 
i = interest rate per period 
n = number of payments 


i = Interest Portion of Payment = Principal 
Remaining x| 

v = Principal Portion of Payment = Payment — 
Interest Portion 

r = Principal Remaining = Previous Principal 
Remaining— Principal Portion 
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(1) Programming 1 


MODE: AER 

Display Key in 

TITLE? AMORT ENT 
VAR p = VAR P + ((1 — (1 + 
)YX (-)N)+lu X41 
STO X, VAR i = VAR PI, VAR v 
=p — i, VAR P — VAR v VAR 


STO P, 4 ENT 
(2) Program execution 2 


Acompany plans to borrow a million dollars for 10 months 
at 13%. Payment will be made in equal monthly 
installments. What is the monthly payment? And show the 
monthly breakdown. 


MODE: COMP FSE (for FIX) TAB 2 

Display Key in 
Exp 6 STO P 10 STON .13 + 12 
STO | 0 STO X AMORT TITLE 
COMP 

p = 106054.62 COMP 


ANS 2, 6, 10, i Vv ANS 5, 9, 


etc. 13, ete. 
(Payment #) (Principal 
Remaining) 
1 10833.33  95221.28 904778.72 
2 9801.77 96252.85 808525.87 
9 2261.04  103793.57 104918.00 
10 1136.61 104918.01 0.00 
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Paid to 
principal 


Paid to 
interest 


Percentage of payment amount 8 


Lek = ee | 
First payment Last payment 


Figure 21 


(3) Programming 2 


MODE: AER 

Display Key in 

TITLE? CONST-PRIN ENT 
M: VAR v = VARP +N, & X 


+ 1 STO X VAR i = VAR PI, 
VAR p = v + i, VAR P VAR — v 
VAR STO P, % ENT 


(4) Program execution 2 
Calculate for the same loan as the previous examples: 


MODE: COMP FSE (for FIX) TAB 2 
Display Key in 
0 STO X Exp 6 STO P .13 + 12 
STO | 10 STO N TITLE COMP 
Principal Amount = 100000.00 


Payment # i Payment Principal 
remaining 
1 10833.33 110833.33 900000.00 
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2 9750.00 109750.00 800000.00 


2166.67 102166.67 100000.00 
10 1083.33 101083.33 0.00 


Cash Flow Analysis 


Disconnected Cash Flow (DCF) provides the average rate 
of compound interest earned by a project on money 
invested over the life of the project. DCF discounts the 
annual cash flows to properly reflect the time value of 
money on acontinuous compound interest basis. The rate 
of return and net present value of a DCF are based on the 
cash flow from earnings for each period. The cash flow is 
usually the sum of the net profit and depreciation. Any sales 
of land and equipment at the end of the project are included 
in the cash flow for the last period. 


If the investor has a minimum return to achieve on an 

investment, then the Net Present Value (NPV) technique is 

used. If the NPV is positive, the project goal has been 

achieved. If negative, profit objectives have not been met. 

The NPV of future cash flows is represented by the series: 
Cc! Cc? Cn 


+ 


NPV = —-INV + (i +i)! a +i ee aye 


where INV = initial investment 
Cn = cash flow for a period 
i = desired rate of return 


The Internal Rate of Return (IRR) uses the same formulas 
as NPV with NPV equal to 0. The actual IRR is arrived at by 
iteration, taking successive guesses at the value of i until 
the NPV is near 0. 
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Program Notes: 

With each cycle of the program, the cash flow for the period 
(C) is inserted. The initial investment is deducted from the 
total to get the Net Present Value. The future value of the 
invested capital is determined using the interest program. 


(1) Programming 


MODE: AER 

Display Key in 

TITLE? CASH ENT 

M: fJ)= C f)= X + 1 STO X, C + 


(1 + )YYX STOD + ASTOA 
N > X -Y>[] 4 -Yo]] -No]] 
VAR npv = VAR A — B, m—N 
>{] ENT 


(2) Program execution 


Aninvestor wishes to make a five-year investmentina 
piece of property which can be used as a parking lot. The 
property will cost $200,000 and is expected to appreciate in 
value at the rate of 10% per year. The investor wants an 
annual rate of return of 20%. The net cash flow for the 
parking lotis: 


Year Amount 
1 $30,000 
2 45,000 
3 24,000 
4 52,000 
5 40,000 


Will the investor achieve a 20% rate of return and whatis 
the actual IRR? 
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MODE: COMP FSE (for FIX) TAB 2 


Display 
p=? 

i=? 

n=? 

f = 322102.00 
c=? 

ANS 1 = 1.00 
c=? 

ANS 2 = 2.00 
c=? 

ANS 3 = 3.00 
c= ? 

ANS 4 = 4.00 
C= ? 

ANS 5 = 5.00 


npv = 40736.72 


Key in 

0 STO AO STO X 5 STON .2 
STO | 200000 STO B FUT TITLE 
(If the title FUTVAL does not 
appear, go to AER mode and key 
in this program from the “Interest 
Calculations” section.) 


COMP 

B COMP 

.1 COMP 

5 COMP 

STO F 

CASH TITLE COMP 
30000 COMP 
COMP 

45000 COMP 
COMP 

24000 COMP 
COMP 

52000 COMP 
COMP 

40000 + F COMP 
COMP 


The positive NPV indicate that the investor will achieve a 
greater than 20% rate of return. 


Determine the actual IRR: 


Try 30%: Repeat the previous procedure with .3 STO |: 


npv = —23640.63 


The negative sign indicates IRRis less than 30%. 


Try 25% with .25 STO I. 


npv = 5040.78 
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Positive NPV shows return greater than 25%. 
Try 26% with .26STO |. 
npv = —1197.76 


The IRRis between 25% and 26%. 
IRA Analysis 


An Individual Retirement Account (IRA) is a trust created 
by the taxpayer to provide retirement income. The 
maximum amount that can be contributed by an individual 
is $2,000 each year. This contribution is free of federal 
income tax until it is actually used. The interest 
accumulations are treated in the same way. 


If withdrawals are made prior to age 59 1/2, an excise tax 
of 10% is charged on the amount withdrawn. 


The program for analyzing the IRA accumulation compares 
this amount to NON-IRA accumulation at a specified point 
in time. It is assumed that a contribution of $2,000 is made 
each year and steady interest is received at arate of 10% 
under each plan. 
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For comparison purposes, the IRA is reduced by the tax 
rate used at the end of the period. The interest 
accumulated on the NON-IRA plan is also reduced by the 
same amount. If the percentage shown at the end of the 
program is less than 100%, it will not be advisable to 
establish an IRA account. 


Program Notes: Use the formula for the value of regular 
payments made at the beginning of the period. 


;\n 
Fv =pmrx al “Na +i) 

(1) Programming 

MODE: AER 

Display Key in 

TITLE? | R A ENT 

M: 2ndF 1 VAR p VAR Ix(1 — VAR t) 
VAR STO A, A — VAR pxn) VAR 
STO Bx(1 — VAR t) VAR STO C 
+ VAR pxn) VAR STO D, INT (A 
+ Dx100 + 0.5) SUB 

B: (1 + VAR i) Y* n — VAR 1) + 
VAR i)xVAR (1 + VAR i) VAR 
STO | ENT 


(2) Program execution 


Ata tax rate of 30% and for a period of 20 years, compare 
the two methods of accumulation. 


MODE: COMP FSE (for FIX) TAB 2 


Display Key in Notes 
| RA TITLE 
COMP 

i=? .1 COMP 

n=? 20 COMP 
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p=? 2000 COMP 


t=? .3 COMP 

ANS 1 = COMP IRA Accumulation 
88203.50 

ANS 2 = COMP Non-IRA 
73742.45 Accumulation 


ANS 3 = 120.00 

IRA provides 19% greater amount at the end of the period. 
Present Worth of a Bond 

The present worth of a bond at issue is equal to the present 
worth of the coupon annuity plus the present worth of the 


maturity payment 


f= 447] Fe 
fr) ° Gay 


PW=A 


Agood “buy” is abond whose present worth is greater than 
its actual cost. 


(1) Programming 


MODE: AER 

Display Key 

TITLE? BON D ENT 

M: VAR axVAR((1_ — (1 + VAR r)Y* 
(—)n) + r) + f + VAR (1 + VAR 
r)Y* n ENT 


(2) Program execution 
A $5,000 bond discounted 5% will pay $550 per year for 20 


years. The payments, at 11%, are made annually. Whatis 
the bond’s present worth? 
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MODE: COMP FSE (for FIX) TAB 2 


Display Key in 
BOND TITLE COMP 
a=? 550 COMP 
r=? .11 COMP 
n=? 20 COMP 
f=? 4750 COMP 


ANS 1 = 4968.99 (dollars) 
Yield to Maturity 


The true rate of interest of a bond is represented by a 
combination of this cost versus value at maturity and 
receipts from its coupons. The true rate is represented byr 
in the following equation: 


| ~ M 
(14r)' (1 4r)" 


Po=2 


where | = payment rate (coupon) 
Po = Current price of the bond 
M = Face value or value at maturity 
n = number of years to maturity 
t = takes the value of 1 ton 


To determine the yield the value of ris estimated until the 
right side of the equation is equal to Po. 


Program Notes: 

A double loop is used. The first loop calculates the value of 
the series of interest payments. The second loop asks fora 
new rate if the previous rate did not result in a value (E) 
within 10 of the purchase price (P). ABS is used to eliminate 
negatives. A value like 10 is used because it would 
probably be impossible to reach a C which is exactly the 
same as P. For greater accuracy a value lower than 10 can 
be chosen. In the second loop the values of T and B are 
reset to 0 each time. 
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(1) Programming 


MODE: AER 

Display Key in 

TITLE? Y!1ELD ENT 

M: f)= R f)= 0 STO T 0 STOB 


Ly, T+1STOTN+ 
1>T-Yo9l=+ (1+ R)Y*T 
+ B STO B, 7 -Y-[] -—N-[] 
B+M + (1+ R) YYN STOC 
—N-[] ABS (C -— P) > 10 -Y>] 
4 -Y> [} -No]] R, 

—N->[] ENT 


(2) Program execution 


In 1985, a$1,000 bond maturing in 2005 sells for $1,080. 
The bond pays 12%, $120 annually. Whatis the yield of 
this bond? 


MODE: COMP FSE (for FIX) TAB 2 

Display Key in 
1000 STO M 120 STO | 1080 
STO P 20 STON YIELD TITLE 
COMP 

R=? 


Try 12% :Keyin.12 and press COMP 21 times. 
If the displayed now shows R =, another rate must be tried. 


Try 115%: Keyin.115 and press COMP 21 times 
Try 11%: Keyin.11 and press COMP 21 times 
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Index 


ABS, 97 Correlation, 22 
Absolute Temperature,58 Cosine, 13 
AC Circuits, 53 Cosines, Law of, 4 


Accelerated Depreciation, Costs, 77 
81,83 Counter, 35 


Accelerated Cost Coupon, 97 
Recovery System, 81 Current Flow, 51 
Acceleration, 42 Curve Fitting, 29 
Amortization, 88 Curves, Power, 27 
Angle, Phase, 51 
Angle of Incidence, 61 Degrees of Freedom, 36 
Annuity, 96 Definite Integral, 14 
Array, 16 Deflection, 65 
Asset, 81 Demand, 77 
Astronomical Units, 42 Depreciation, 80 
Averages, Moving, 8 Determinate, 16 
Digits, Internal, 14 
Balloon Payment, 87 Dimensions, 3 
Band Width, 56 Disconnected Cash Flow, 91 
Bandpass Filter, 55 Discriminant, 10 
Bank Material, 74 Double Loop, 97 
Beams, 64 
Bending Stress, 64 Earthmoving, 74 
Bonds, 96 Eccentricity, 39 
Break-even, 77 Efficiency, Work, 73 
Elasticity, 65 
Capacitance, Series, 49 Ellipse, 39 
Cash Flow, 91 Energy, Solar, 61 
Center of Gravity, 46 Excavator, 71 
Centroid, 46 Exponential, 24 
Chi-Square, 34 
Comet, 42 Feet, 3 
Conditional, 1 Filter, 55 
Conduits, 63 Fir, 66 
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Fittings, 63 Mass, 38 

Focus, 39 Matrices, 16 

Frac, 3, 20 Matrix, Inverse, 17 

Frequency, 34 Maturity, Bond, 97 

Fresnel, 61 Mean Life, 33 

Future Value of Money, 86 Moment, 45 
Mortgage, 88 

Gas, 58 Moving Average, 8 


Gravitation, 37, 42 Multiple Feedback Filter, 55 


Head, 63 Net Present Value, 91 
Hemlock, 66 Non-linear Regression, 24 
Ideal Gas, 58 Ohm's Law, 53 
Impedance, 50 Op-amp, 55 

Inch, 3 Orbiting, 38 


Inductors, 50 


Installments, 89 Parallel Reactance, 53 


INT,3 Parallel Resistance, 49 

Integral, 14 Parentheses, 1 

Internal Rate ofReturn,91 Payment, 88 

Inertia, 45 Phase Angle, 52 

Interest, 86 Pipe Laying, 72 

IRA, 94 Planet, 38 

Iteration, 91 Polar Angle, 39 
Polynomial, 11 

Launch, 37 Power Curves, 27 


Law of Cosines, 4 
Law of Sines, 4,6 
Linear Regression, 23 
Load, 22 

Loan, 88 


Logarithmic Regression, 27 


Loss, Pressure, 63 


Present Value, 86 
Present Worth, 96 
Pressure, 63 
Pressure Loss, 63 
Price, 77 
Principal, 88 
Projectile, 37 


Quadratic, 9 
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Radians, 40 

Radiation, 61 

Radius of Gyration, 45 
Random Numbers, 20 
Reactance, parallel, 53 
Reactance, series, 50 
Reflectance, 61 
Refractive Index, 61 
Regression, 23 
Replacement Costs, 81 
Resistance, parallel, 49 
Roots, 9 


Salvage Value, 81 
Savings, 88 

Search, 1 

Series, 13 

Series Capacitance, 49 
Series Reactance, 50 
Sener Construction, 72 
Shearing, 65 

Sines, Law of, 4,6 
Small Samples, 32 
Soil Swell Factor, 72 
Solar Energy, 61 
Statistics, 22 

Storage, 2 

Store Memory, 22 


“t” test, 32 

Temperature, 58 

Three-variable Linear 
Equations, 19 

Time, 74 

Time Value of Money, 91 

Title, 1 

Trenching, 71 

Triangles, 4 


Uniform Load, 64 
VAR, 4 
Variables, 3 
Variance, 34 


Velocity, 43 


Wood Beams, 64 


Yield, 97 


Straight-line Depreciation, 81 


Stress, 64 
Subroutine, 1,3, 17 
Sum-of-the-Years’ 


Digits Depreciation, 84 


Supply, 77 


101 
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EXPLORING THE SCIENCES II 


Applications for the SHARP EL-5150 Scientific Calculator 


With the EL-5150, SHARP takes the uncertainty out of 
scientific calculating. Its unique alphanumeric display 
lets the user view the complete equation, including all 
functions and variables, before computing. It can also 
play back after computing, for double-checking and 
editing. The machine’s functions include prompting 
the user to input selected variables, and then solving 
equations automatically. With its computing power and 
entry verification system, the EL-5150 provides the sure 
accuracy a serious user needs. 


This text is intended to take the user beyond the instruction 
manual, to explore problems in : 


Algebra Regression 

Geometry Physics 

Trigonometry Electronics 

Matrices Mechanics 

Decimal Conversion Chemistry 

Statistics Business and Finance 


The examples are designed to accent the machine’s 
unique and convenient features. They are intended to 
provide a solid background, so that users can expand 
to projects beyond this text. The EL-5150 is ideal 
for professionals and advanced students in all fields 
that require double-checked accuracy. 
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